UNCLASSIFIED 
AD  NUMBER 


AD382982 

CLASSIEICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release^  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  only;  Proprietary  Info.,  Export 
Control;  31  Jul  1967.  Other  requests  shall 
be  referred  to  the  Office  of  Naval 
Research,  Attn:  Code  429  Power  Branch,  800 
N.  Quincy  Ave,  Arlington,  VA  22217. 

AUTHORITY 

4  May  1977,  ONR,  per  Itr;  ONR,  per  Itr  dtd 
4  May  1977 


THIS  PAGE  IS  UNCLASSIEIED 


SECURITY 

MARKING 


Tha  classified  or  limited  status  of  this  repott  applies 
to  each  page,  unless  otherwise  marked. 

Separate  page  printouts  MUST  he  marked  accordingly. 


THIS  DOCUMENT  CONTAINS  INFORMATION  AFFECTING  THE  NATIONAL  DEFENSE  OF 
THE  UNITED  STATES  WITHIN  THE  MEANING  OF  THE  ESPIONAGE  LAWS,  TITLE  18. 
U.S.C.,  SECTIONS  793  AND  794.  THE  TRANSMISSION  OR  THE  REVELATION  OF 
ITS  CONTENTS  IN  ANY  MANNER  TO  AN  UNAUTHORIZED  PERSON  IS  PROHIBITED  BY 
LAW. 


NOTICE:  When  government  or  other  drawings,  specifications  or  other 
data  are  used  for  any  purpose  other  than  in  connection  with  a  defi¬ 
nitely  related  government  procurement  operation,  the  U.  S.  Government 
thereby  incurs  no  responsibility,  nor  any  obligation  whatsoever;  and 
the  fact  that  the  Government  may  have  formulated,  furnished,  or  in  any 
way  supplied  the  said  drawings,  specifications,  or  other  data  is  not 
to  be  regarded  by  implication  or  otherwise  as  in  any  manner  licensing 
the  holder  or  any  other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any  patented  invention  that 
may  in  any  way  be  related  thereto. 


: ■1III:II!-'!!:T!'!' (i1i''ll|ill  "liji'll'ilii!'  i'i'f  I  '"ipf;?"': '!i ftWi';' 


CONFIDENTIAL 


A  OiV/IS  ON’  OP  NOR'^H  AVe^r?  CA\  AV:AT  O\^  ;NC 
6633  CANiCGA  AVtNUP  CANOGA  PARK  C  A  _  i  P  R  N; 


Contract  Nonr  A^i28(00) 

G.O.  8614 

Sponsored  by  Office  of  Kaval  Research 
Power  Branch 
Code  429 

PREPARED  BY 

D.  Pilipovich 
C.  J.  Schack 
C.  B.  Lindahl 
H.  H.  Ilogers 

APPROVED  BY 


I  Reproduction  in  whole  or  in 
! part  is  permitted  for  any 
'purpose  of  the  United 
States  Government 


NO.  OF  PAGES  72  &  Aii 


P  6^  3^" 

E.  A.  Lawton 
Manager 

Synthetic  and  Propellant  Chemistry 
Research  Division 

REVISIONS 


DATE  -jl  July  1967 


DATE 


REV.  BY 


PAGES  AFFECTED 


REMARKS 


FOAM  MCV.  4.«4 


CONFIDENTIAL 


•<  ikm  UnilW  tM  wimrn  ttm  iMUM  7  Mm 


•I  ^di  hi  mif 


WTKTE 


UNITED  STATES  PATENT  OFFICE  SECRECY  OftDER 


A  patent  application  has  b«CR  filed  in  the  LI.  S.  Paten!  Office  by  North 
Ar.crscar  Aviation.  Ir.c.  b4sed  upon  subject  matter  included  herein  ur 
related  hereto,  and  the  Secrecy  Order  appended  heretohaa  btenissued 
thereon  pursuant  to  Title  35.  L'r.ited Stales  Code  (1952)  Sections  161  •  188. 
h\irtncr  disscmiruUion  of  said  subject  matter  is  prohibited  except  in 
strict  compliance  ^ith  said  order.  The  recipient  of  this  document  is 
requested  to  notify  all  persons  who  wUlhave  accessto  this  material  o( 
the  Secrecy  Order.  Per^ties  for  violatioii  of  a  Secrecy  Order  include 
a  fine  of  jp  to  $10.  000  or  imprlsohfr.ent  lor  rot  more  than  two  years, 
or  both. 


DEPARTMENT  OF  COMMERCE 
United  States  Patent  Office 
Washington 


DEPARTMENT  OF  COMMERCE 
United  States  Pateni  Office 
Washircton 


SECRECY  ORDER 

NOTICE:  To  the  applicant  above  named,  his  heirs,  and  any  and  all 
his  assignees,  attorneys  and  agents,  hereinafter  designated  prir.cipaJs: 

You  are  hereby  notified  that  your  appltcailunas  above  identiiu'd  has 
been  found  to  coraaln  sub)(.ct  n. alter,  the  unauthorised  disclosure  of 
which  might  be  detrimental  tothe  public  safety  or  defense,  and  you  are 
ordered  \r  nowise  to  publish  or  disclose  the  mvci.tlur.  or  any  material 
information  withrespect  thereto,  includlnghithertounpublishcd  details 
of  the  subject  matter  of  said  application,  in  any  way  to  any  person  r.o\ 
cognUant  of  the  invention  prior  to  the  date  of  the  order,  including  any 
employee  of  the  principals,  but  to  keep  the  same  secret  except  by 
written  permission  first  obtained  of  (he  Comrriissioner  of  Patents,  ur.> 
der  the  penalties  of  3S  U.  S.C.  (1952)  182,  186. 

Anyother  application  whichcontains  any  sigmflca.nt  pan  of  (he  sub¬ 
ject  matter  of  the  above  Iderllfied  application  falls  within  the  scope  of 
this  order,  [f  such  other  application  does  not  stand  under  a  secrecy 
order,  it  and  (hecammon  subject  matter  should  be  brought  lolhc  atten¬ 
tion  of  the  Patent  Security  Division,  Patent  Office. 

If  prior  tothe  issuar.ee  of  the  secrecy  order  ary  bignificani  part  of 
the  subject  matter  hasbeenrevealed  loany  person,  the princip.U.*  shall 
promptly  inform  such  person  of  the  secrecy  order  a.-d  ihc  penalties  for 
improper  disclosure. 

This  order  should  not  b«  construed  in  any  way  to  mean  that  the 
Government  has  adoptedor  cor^cmplatcs  adoption  of  the  alleged  inven- 
tlon  disclosed  tnthis  application;  nor  is  it  any  ir.dlcationof  the  value  of 
such  invention. 


PEHMIJ  FOR  PaT^ENT  APPLICATION' 

C L A^j  n BY  COV E R N M ESf  CO'STRAC T 

This  pern. It  .itih.nzrs  the  principals,  as  designated  in  the 
secrecy  order,  to  luko  ary  jci::)n  wiih  regard  to  the  subject  matter  of 
the  aj^iicaiiun.  :<>  the  extent  authorized  by  the  security  requirenirnts 
of  (hr  Government  cor.trnri  which  in  po.'^ex  the  highest  securily  classi- 
ficaltor  on  the  .suhjrci  mattc-r  nf  this  upplicatioii,  except  thal  this  per* 
nilt  does  not  auih;»r:Z{’  oxivirt  :>l  this  application  dr  the  subject  matier 
thereof,  whether  jor  'he  forricr  filing  of  corresponding  applications  or 
otherwise.  Permiss-jn  for  .«jch  export  must  be  specifirall>  obtained 
from  ihc  Paiot.i  Ol/ae. 


CONFIDENTIAL 


LOC::acs*T*K>'%^;^K  •  a  division  of  north  American  aviation 


FOREWOED 


The  research  reported  herein  was  supported  by  the 
Office  of  Naval  Research,  Power  Branch,  Code  429, 
with  Mr.  Richard  L.  Hanson  as  Scientific  Officer. 
This  report  wbs  prepared  in  compliance  with  Section 
H  of  Navy  Contract  Nonr  4428(00)  and  covers  the 
period  30  May  1966  through  29  May  1967.  The  pro¬ 
gram  manager  was  Dr.  E.  A.  Lawton,  Manager,  Syn¬ 
thetic  and  Propellant  Chemistry.  The  work  was 
conducted  in  Oxidizer  and  Fluorine  Chemistry  with 
Dr.  D.  Pilipovich,  Principal  Scientist  as  principal 
investigator.  Full-time  staff  members  contributing 
to  the  technical  effort  were  Dr.  H.  H.  Rogers,  Dr. 
C.  J.  Schack,  and  Dr.  C.  B.  Lindahl. 


CONFIDENTIAL 


uiirilffldiillililllilliiil  uttuiUilllllMJ'il'il.iJiJiliJ.iLiuill  itJiiilluuiUiiUi 


Ik 


CONFIDENTIAL 


■■O  c;  IB-*- !»■»' E 


A  DIVISION  OF  NCSTH  AMF.  B  C*N  AVIATION  INC 


AlJalKA^Ji 


New  syntheses  of  CIF^O  were  discovered  utilizing  ultraviolet- 
initiated  reaction  of  FCIO^  and  FCIO^,  In  the  presence  of 
F  ,  C1F_,  or  C1F_,  FCIO  gave  CIF  0  in  high  conversions  and 

^  j  !!)  j 

high  yields.  The  most  effective  fluorinating  agent  was  ClF,y 

The  same  techniques  were  not  successful  in  oxidizing  CIF^O 

to  CIF^O  or  BrF_  to  BrF_.  There  is  considerable  evidence 
3  ?  7 

that  FClO  is  an  intermediate  in  the  svTithesis  of  CIF^O  by 
ultraviolet  activation.  More  complete  ultraviolet  data 
were  obtained  with  the  measurement  of  extinction  coeffi¬ 
cients  of  C1F_,  BrF„,  C1F_0,  FC10„,  and  CIF. 

Corona  discharge  activation  in  the  systems  FCIO^-F*  did  not 


result  in  CIF^O. 


Initial  decomposition  of  FClOg  to  CIF 


followed  bv  fluorination  to  either  C1F_  or  CIF.  was  ob- 
"  3  3 

served. 


A  stable  mass  cracking  pattern  for  ClF.^0  was  obtained  with 


the  moat  prominent  peaks  assignable  to  ClFO'  (lOO  percent), 
ClFgO^  (80.60  percent),  Cl  (29.35  percent),  CIF  (21.23 
percent),  and  CIO^  (14.78  percent). 


n.m.r.  spectrum  of  gaseous  CIF^O  revealed  tvo  bands 


The  F^^ 

at  -276  tp  and  -317  45  with  respective  ratios  of  2  and  1.  These 
bands  could  not  be  resolved  further  but  support  the  proposed 
C  symmetry  for  C1F_0  rather  than  C.  s\Ti]metrv  already 
partially  o.vcluded  by  infrared  studies. 


A  novel  process  for  forming  NF^O  has  been  discovered.  It  vas 
determined  that  the  action  of  CIF^O  on  dif luoramine,  HXP^, 


R-7149 


CONFIDENTIAL 


I, .«Ku  .jiMRiiatBrnaiimiii.,..  «UI'Tm.D«o,sMill,inillillHffl[lllliI|;i|Ii 


Ik 


CONFIDENTIAL 


»  C=  ■£  E  T  IS  Y  rw  E 


A  oividON  or  NOUTH  Awrui 


AN  AVIATION  INC 


reproducibly  foived  NF^O  in  80-percent  yields  at  temperatures 
below  ambient,  Perf luorofomamide,  FgNCFO,  also  reacted 
with  ClP^O  to  yield  NT^O. 

Mass  cracking  patterns  were  obtained  for  both  IF,^  and  IF_0. 
Mew,  more  precise  physical  properties  were  determined  for 
IF_0;  the  vapor  pressure-temperature  equation  is  log  = 
8.9874-1659. 4/T  .  The  preparation  of  IP-jOg  attempted  by 
reaction  of  IF_0  and  Si02  at  elevated  temperatures,  The  py¬ 
rolysis  of  IF^O  yielded  an  unidentified  volatile  material 
which  may  be  a  new  IF^O  compound.  Reaction  of  IF^O  and  HMF., 
yielded  FNO  and  MgFj^  as  oxidation  products. 


A  new,  rapid  method  was  developed  for  the  synthesis  of  clilo- 
rine  nitrate,  CIMO^  The  process  utilizes  the  reaction  of 
CIF  and  HNO^  at  temperatures  above  -112  C,  A  similar  inter¬ 
action  between  BrF^  and  HMO^  yielded  limited  amounts  of 
BrNO^.  Fluorination  of  BrNO^  led  to  a  new  solid  complex  of 
the  type  NOgBrF^O .  A  characterization  of  the  complex  M0,,BrF^^ 
was  carried  out  to  distinguish  it  from  the  above  solid. 

The  solid  obtained  by  reaction  of  €1^,0  and  AeF_  has  been 
shown  to  be  principally  ClO^yisF^.  A  physico-chcmico  1  cliar- 
acterization  of  the  solid  x.’as  conducted. 


Preparation  of  CINF^O  was  attempted  via  a  di.ssociative  re¬ 
organization  process  involving  NF^O  and  PF^Cl.  Instead,  a 
slow  fluorination  of  the  PF^Cl  to  PF_  resulted,  accompanied 
by  reduction  of  the  MF^O  to  FNO. 
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Oxychlorine  trifluoride  did  not  ionize  in  either  BrF^  or  IF^. 
The  Specific  conductivity  of  C1F,0  vas  measured  at  25  C,  the 


_g  _i 

value  obtained  vas  2  x  10  ohms  cm 


The  reaction  of 


CIF^O  with  AsF^  was  complex,  producing  products  including 


0^1  AsF,,  FClOg,  and  ClF^OAsF^.  Attempts  to  prepare  ClOAsF^ 
were  unsu 
and  CIF^- 
ClFgAsF^. 


were  unsuccessful.  All  of  the  systems  (ClF-AsF,,  ClF-AsF^, 
and  ClF^-Asf^)  involved  redox  reactions  producing  Clg  and 


Several  possible  synthetic  routes  to  the  uncharacterized 
chloroayl  fluoride  (FCIG)  were  investigated.  These  encom¬ 
passed  reduction  reactions  of  Florox  using  ^2^1, 
the  oxidation  of  Cl^O  with  the  mild  fluorinating  agent 
CF2(0F)2-  Trace  quantities  of  Compound  C,  ;pected  to  be 
FCIO,  were  occasionally  detected. 


Various  aspects  of  the  chemistry  of  Cl-0  species  have  been 
examined.  Synthe-ses  of  were  conducted  under  static 

and  flow  conditions.  Study  of  the  new  class  of  complexes 
of  the  MF'Cl20  type  has  been  expanded  to  include  the  systems 
RbF-Cl20,  CSF-CIO2,  and  CsF-ClO^,  and  CsF-ClN'O^.  The  vig¬ 
orous  fluorination  of  CIO,^  proceeded  explosively  to  CIF^, 
CI2,  and  O2. 

Hydrolysis  of  KF'KCIF^  resulted  in  the  formation  of  a  new 
phase  as  shown  by  X-ray'  powder  diffraction  analy'sis  which 
is  thought  to  be  a  KF’KCIF^  hydrate.  Preparation  of  CIF^O 
via  oxygen-fluorine  exchange  reactions  was  unsuccessful, 

(Confidential  .Abstract) 
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INTRODUCTION 


The  effort  reported  herein  reflects  considerable  activity  in  the  area  of 
inorganic  chemistry  concerned  vith  covalent  fluorides.  Particular  empha¬ 
sis  has  been  placed  on  the  reaction  chemistry  of  interhalogen  fluorides 
and  oxyhalogen  fluorides.  The  chemistrs'  of  CIF^O  and  IF^O  appeared  to  be 
uniquely  attractive  vith  respect  to  reactions  involving  fluorination  and/or 
oxygenation.  This  vas  verified  in  the  cose  of  ClF.^0  and  the  following  dis¬ 
cussion  section  reflects  to  some  extent  the  unusual  chemistry  of  this  mate¬ 
rial.  Interest  at  Rocketdyne  in'IF^O  is  focused  on  its  potential  utility 
as  an  intermediate  for  preparing  IF^O .  These  possibilities  will 

be  discussed  with  respect  to  both  reduction  reactions  and  thermal  decom¬ 
position  . 

An  intensive  effort  was  conducted  to  utilize  the  compounds  FCIO  and  FC10_ 
as  chemical  intermediates  for  new  oxidizers.  The  approach  reflected  in 
this  area  involved  the  use  of  ultraviolet  radiation  for  excitation.  The 
ultraviolet  activation  technique  was  successful  to  the  extent  that  it  re¬ 
vealed  FClOg  and  FCIO^  to  be  intermediates  for  the  preparation  of  CIF^O. 

The  results  in  this  area  are  presented  in  detail  in  the  Discussion  section 
of  this  report. 


In  attempting  to  reproduce  reported  results  in  synthesizing  "ClOAsp^ "  an 

unusual  redox  reaction  vas  uncovered  inasmuch  as  the  reaction  of  Cl^O  and 

AsF^  yielded  ClO^AsF^.  This  led  to  a  supposition  that  AsF^  may  catalyze 

redox  reactions  in  other  chlorine  (l)  compounds;  this  vas  subsequently 

demonstrated  vith  CIF.  The  results  will  be  discussed  in  connection  vith 

a  variety  of  redox  and  eomplexing  reactions  involving  010^,,  AsF^,  CIF^O, 

and  AsF_ . 

3 


H-7149 


CONFIDENTIAL 


i  N  C 


CONFIDENTIAL 


Additional  spectral  data  vere  generated  for  the  novel  compound  C1F_0. 

19  ^ 

Previous  attempts  to  resolve  the  F  n.a.r.  spectrum  had  always  resulted 
in  a  complete  collapse  of  the  bond  structures  duo  to  exchange  initiated 
by  traces  of  HF.  Vapor-phase  measurements  resolved  the  problem  and  the 
results  will  be  discussed  with  particular  emphasis  on  the  techniques  used 
to  obtain  these  conclusive  data. 
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DISCUSSION' 


TJLTRAV101£T  ACTIVATED  REACTIONS 


The  purpose  of  this  study  vas  twofold.  First,  new  syntheses  of  CIF^O  were 
sought  that  utilized  intermediates  other  than  covalent  hypochlorites.  By 
using  an  initiator  (in  this  case  radiant  energy*)  there  exists  a  possibil¬ 
ity  of  realizing  more  favorable  reaction  rates  as  well  as  obviating  the 
use  of  either  ClgO  or  ClONOg-  The  second  aspect  of  this  study  involved 
the  possibility  of  synthesizing  new  halogen  fluoride  species  such  as  C1F^02, 
CIF^O,  and  BrF,^,  The  use  of  suitable  radiation  at  low  temperatures  appeared 
to  offer  a  number  of  attractive  features  in  achieving  the  objectives. 


Absorption  Spectra 

Prior  to  conducting  reactions  by  ultraviolet  excitation,  the  spectra  of 
proposed  reactants  and  possible  products  which  could  not  be  found  in  the 
literature  were  determined.  With  a  knowledge  of  the  spectra,  it  was  thought 
possible  that  selective  activation  of  reactants  might  be  achieved  during 
irradiation . 


Absorption  spectra  iiave  been  obtained  for  CIF,  C1F_,  ClF.jO,  FCIO^,  FCiO^, 
and  BrF^  (Fig.  l)  using  a  Cary  Model  14  Recording  Spectrophotometer. 

Extinction  coefficients  are  presented  in  Table  1.  The  data  for  C1F_  ex- 

5 

tend  the  results  reported  by  Gatti  (Ref.  l)  to  wavelengths  shorter  than 
2640  angotrom.s .  The  wavelengths  for  the  strongest  absorptions  for  all 
compounds  except  CIF  were  below  G300  angstroms  with  indications  that  even 
stronger  absorption  occurred  below  1900  angstroms, 
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TABLE  1 

EXTIKCTION  COEFFICIENTS 


Compound 

Wavelength, 

angstroma 

Absorbance 
Coefficient  x  10“^, 

n  -1  -1 

on  Hg  cm 

CIF 

2730 

0.020  (Ref.  6) 

CIF- 

5 

2000  to  2100 

1.1 

ClF^O 

2205 

2.8 

FCIO^ 

2225 

6.0 

FCIO^ 

I860* 

0.090 

BrF. 

5 

2080 

2.0 

^2 

2845 

0.035  (Ref.  4) 

CIF^ 

2231* 

1.34  (Ref.  7) 

OFg 

■  -  -  -  1 

2100* 

0.075  (Ref.  5) 

*Not  a  maximum;  coefficient  increasing  toward 
shorter  wavelengths 
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Reactions  were  investigated  using  CIF^O,  FClOg,  FCIO^,  and  BrF„  as  the 
materials  to  be  fluorinated.  The  onterials  employed  as  sources  of  active 
fluorine  were  Fg,  GIF,  CIF^,  CIF^,  OFg,  and  BrF^.  Initial  work  was  accom¬ 
plished  (Ref.  2)  in  irradiation  cells  with  lelatively  small  windows  (17- 
millimeter-diameter  openings).  Because  conversions  in  these  cells  were 
small,  even  with  overnight  irradiations,  a  new  cell  with  4-inch-diameter 
windows  was  built  with  which  a  large  degree  of  conversion  was  nearly  al¬ 
ways  obtained.  Exposures  were  usually  approximately  4  hours.  Results 
for  the  actual  reactant  combinations  and  conditions  are  presented  in  Table 
2.  A  Pyrex  filter  was  sometimes  used  to  restrict  the  applied  radiation 
to  wavelengths  essentially  longer  than  3100  angstroms. 

ClF.^0/p2.  Irradiation  of  CIF^O/Fg  mixtures  was  conducted  in  an  attempt  to 
prepare  CIF^O.  It  was  expected  that  the  reaction  might  proceed  by  ttie 
activation  of  F„  which  would,  in  turn,  react  with  C1F_0  forming  C1F_0. 

Sm  O  ') 

The  small  amounts  of  products  obtained  (Table  2),  when  the  P>tcx  filter 
was  used  in  an  attempt  to  minimize  CIF^O  activation  while  raa.vimizing 
activation,  suggest  that  the  reaction  probably  does  not  proceed  by  a  mech¬ 
anism  involving  activated  fluorine.  The  large  yield  of  CIF_  obtained  when 
the  filter  was  not  used  indicates  the  probability  that  the  CIF^O  was  de¬ 
composed  by  the  radiation  and  that  the  reaction  may  have  proceeded  by  a 
route  such  as  follows: 

uv 

CIF^O  - ►CIF^O*  (1) 

CIF^O* - -  CIF^*  +  0  (2) 
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CIF^O  +  0 


CIF^*  +  0^ 


CIF^*  + 


Low  temperatures  (-40  C)  were  used  for  this  reaction  to  determine  if  the 
activation  of  CIF^O  might  occur  without  its  decomposition.  It  is  possible 
that  the  use  of  even  lower  temperatures  during  ultraviolet  radiation  would 
cause  the  reaction' to  proceed  in  the  following  manner; 


CIF^O 


CIF^O*  +  Fg 


CIF^O* 


C1F_0 

0 


Unfortunately,  the  rather  low  vapor  pressure  of  CIF^O  (less  than  10  milli¬ 
meters  at  -60  C)  would  permi  the  formation  at  any  one  time  of  only  small 
quantities  of  the  proposed  compound,  C1F_0.  Because  C1F_0  could  be  more 
volatile  than  CIF^O  and  would,  therefore,  ‘emain  in  the  vapor  .state,  rapid 
decomposition  by  ultraviolet  radiation  to  CIF-  and  0^  would  be  expected. 
Therefore,  the  possibility  of  forming  C1F_0  by  reducing  the  touiperuture 
below  -40  C  appears  unlikely. 


Reactions  ol  FClOg.  Initial  irradiations  of  FCIO^  at  25  C  both  alone  and 

with  Fg  (Ref.  2)  indicated  that  partial  decomposition  of  FCIO^  to  CIF  and 

occurred  accompanied  bv  fluorine tion  to  C1F_  and/or  CIF..  Because  the 
2  1  0 

objective  of  this  work  was  the  preparation  of  CIF^O^,  the  reaction.^  were 
repeated  at  reduced  temperatures  where  this  compound  should  be  more  stable 
No  experimental  evidence  for  the  formation  of  CIF^O^  was  found.  However, 
substantial  yields  (up  to  86  mole  percent)  of  ClF.^0  were  obtained  from 
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irradiations  of  CIO^F  with  most  flaorinating  agents  used  (Table  2).  These 
experiments  represent  the  first  examples  in  which  ClF^O  (Florox)  has  been 
prepared  in  good  yield  from  an  intermediate  other  than  a  covalent  hypo¬ 
chlorite  . 

Chloryl  fluoride  is  a  stronger  absorber  than  any  of  the  materials  used  to 
fluorinate  it  and  its  activation  ia  considered  to  be  the  initial  step  in 
the  reactions.  The  proposed  mechanism  for  the  overall  reaction  (Eq.  7 
through  lO)  involves  the  generation  and  subsequent  fluorination  of  FCIO. 


FCIO, 

FClOg* 

(7) 

FClOg*  - - 

-  [fcio]  +  0 

(8) 

PClOg  +  0  - 

— -  [fcio]  +  Og 

(9) 

[fCIO]  +  Fg  — 

- -  CIF^O 

(10) 

The  detection  of  a  compound  thought  to  be  FCIO  (Bef.  3)  during  the  CIF/ 
FClOg  experiment  tends  to  support  the  existence  of  FCIO  as  an  intermediate. 
This  compound  may  have  also  formed  during  the  irradiation  of  FCIO^  (Table 
2).  The  supposed  FCIO  is  known  to  be  very-  reactive  and  relatively  unstable 
(Ref.  3)  and  the  failure  to  observe  it  more  frequently  \*-b8  not  unexpected. 

A  flow  experiment  was  conducted  in  an  attempt  to  prepare  FCIO;  however, 
neither  FCIO  nor  CIF^O  was  found. 

As  at  room  temperature,  the  -60  C  ultraviolet  irradiation  of  FCIO^  alone 
produced  principally  CIF  and  Og,  hut  the  efficiency  of  the  lower  tempera¬ 
ture  was  demonstrated  by  the  formation  of  some  CIF^O.  Either  FClOg  itself 
or  the  product  CIF  may  have  served  as  the  active  fluorinating  agent. 
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The  weaker  group  of  ultraviolet  absorbers  (Tabic  1;  F„,  OF^,  and  GIF)  re¬ 
sulted  in  20  to  30  percent  conversion  of  FCIO^  to  CIF.O  under  approximately 
similar  conditions.  Of  these,  elemental  fluorine  yielded  the  best  conver¬ 
sions  to  Florox  and  unlike  any  other  fluorine  source  also  fomed  C1P„.  Of 
the  three  f luorinating  agents  in  the  group,  only  was  e.vamined  at  f/FCIO., 
ratios  higher  than  two.  These  higher  ratios  were  found  to  yield  lesser 

amounts  of  C1F_0  and  more  C1F„.  No  satisfactorv  explanation  of  this  re- 
3  3 

suit  can  be  made  at  this  time  because  the  presence  of  a  large  e.vcess  of 
F^  would  a  priori  lead  to  a  predicted  higher  yield.  Further,  the  limited 
number  of  exj  iments  and  the  lack  of  replicate  runs  preclude  sufficient 
evidence  for  advancing  final  conclusions.  The  low  absorbtivity  of  rela¬ 
tive  to  FCIO^  (Table  1  and  Fig.  l)  eliminates  the  possibility  tliat  the  F., 
may  be  preferentially  absorbing  the  available  radiation. 

The  conversion  of  FClOg  to  CIF^O  using  the  strong  absorbers  C1F_,  C1F_, 
and  BrF^  appears  to  be  limited  by  the  amount  of  the  fluorinating  agent  in 
the  vapor  phase  and  therefore  capable  of  activation.  Thus,  C1F_  is  more 
effective  than  CIF^  while  BrF_,  which  has  only  several  millimeters  vapor 
pressure  at  the  test  temperature,  did  not  produce  any  CIF.O  despite  the 
fact  that  it  reacted.  The  significance  of  ultraviolet  activation  of  the 
fluorine  donor  mav  be  indicated  bv  the  fact  that  C1F_  is  a  much  better 
fluorine  donor  than  F^  itself.  However,  the  greater  efficacy  of  C1F_  may 
be  due  to  its  lower  activation  requirements  and  chemical  reactivity.  This 
consideration,  coupled  with  the  vapor  concentration  of  the  agent,  may  be  an 
important  feature.  In  the  latter  interpretation,  the  role  of  the  ultra¬ 
violet  radiation  would  be  primarily  involved  in  decomposing  FCIO^,. 


FC10.j/clF_.  Following  the  encouraging  results  with  FCIO,,,  an  examination 
of  similar  reactions  with  FCIO^  was  initiated.  Perchlorj-1  fluoride  was  i 
considered  as  a  precursor  to  CIF^O^  because  its  decomposition  to  an  acti¬ 
vated  FClOg  capable  of  fluorination  seemed  possible.  Although  FCIO^;'  ' 
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absorbs  only  weakly  where  other  CIF  compounds  absorb  strongly  (Fig.  l), 
reasonable  radiation  times  did  effect  its  decomposition.  Both  CIF  and 
some  FClOg  were  foiiaed.  The  latter  is  important  because  it  demonstrates 
that  the  desired  C1=*0  bond  cleavage  does  occu".  I^irge  quantities  could 
not  be  expected  because  the  strong  absorptivity  of  FCIO^  results  in  its 
own  decomposition. 


Fluorination  of  the  activated  FCIO^  was  attempted  witli  CIF-  because  of  its 
proven  effectiveness  with  FClOg.  No  unknown  products  were  observed  but  it 
was  determined  that  C1F.-0  was  the  major  product.  This  is  almost  certainly 
due  to  stepwise  loss  of  oxygen  from  FCIO^  to  yield  FCIO  whicli  is  then 
fluorinated  to  CIF^O . 

Thus,  both  FClOg  and  FCIO^  appear  to  undergo  the  progressive  loss  of  oxygen 
on  ultraviolet  irradiation.  Once  chlorosyl  fluoride,  FCIO,  is  formed,  it 
is  sufficiently  stable  at  -40  to  -60  C  to  allow  fluorination  to  CIF^O. 
Florox  is  the  most  complex  product  obtained  due  to  the  fact  that  it  is 
essentially  frozen  out  and  thus  not  subject  to  any  extensive  ultraviolet 
activated  reaction  or  decomposition.  If  CIF^O^  is  to  be  synthesized, 
activation  of  Fg  w-ithout  the  activation  of  FCIO.^  must  be  accomplisited . 

The  use  of  filtered  (more  than  3100  angstroms)  radiation  appears  to  be 
the  most  probable  means  of  preventing  extensive  FCIO,,  activation.  bTiilc 
this  approach  was  attempted  for  the  synthesis  of  CIF.O  from  ClF.,0  and  F,, 
it  has  not  yet  been  utilized  for  the  attempted  preparation  of  ’-O,  . 


BrF_/F  .  It  was  thought  possible  that  BrF  might  be  formed  l)y  activation 

-  -  -  ^  i 

of  BrF_  in  the  presence  of  F^  (Eq .  11  and  12), 


BrF-* 

J 


BrF.*  +  F- 
0  2 
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Operation  belov  ambient  temperatures  '«'as  employed  to  maximize  tbe  probabil* 
ity  of  forming  BrF^  and  to  prevent  the  BrF_*  from  decompoaing  to  BrF^  and 
F^.  Further,  a  large  excess  of  vas  also  used  to  increase  the  chances 
of  forming  BrF^  (Eq.  12)  and  to  suppress  the  decomposition  of  BrF_*. 

Infrared  analysis  of  the  products  from  the  irradiations  conducted  at  -kO 
and  -60  C  indicated  that  no  new  products  were  formed.  However,  several 
unidentified  absorptions,  probably  caused  by  traces  of  impurities,  were 
found  in  the  infrared  spectra  of  the  products  obtained  from  moat  experiments, 
Observed  absorptions  were  at  1C28,  1220,  1230,  1280,  1315,  and  1910 


CORONA.  DISCHA.RGE  ACTIVATION 


Previous  experiments  on  the  corona-activated  reaction  of  FCIO  with  a  large 

* 

excess  of  Fg  (Ref.  8)  had  suggested  that  the  products  of  the  reaction  were 
primarily  CIF  and  FCIO^  rather  than  the  desired  CIF^O.^.  However,  leaks  in 
the  reaction  system  have  since  been  fomid  which  indicate  tlie  possibility 
that  the  FCIO,  originated  in  a  manner  other  than  the  disproportionation  of 
FClOg.  Therefore,  the  experiment  was  repeated. 

During  one  experiment,  the  amount  of  FCIO^  which  passed  through  the  dis¬ 
charge  yielded  the  following  product  distribution;  C1F_  37  m/o;  Clf_, 

3  m^o;  CIF,  10  mo;  FCIO^,  0.5  m/o;  FCIO^  (unreacted),  37  m^o;  and  8iF^, 

2.6  m/o.  The  SiF^^  apparently  resulted  from  reaction  of  the  with  a 
Pyrex  flowmeter. 

The  rather  good  chlorine  material  balance  (more  then  85  percent)  permits 
a  course  of  decomposition  of  FCIO^  to  be  postulated.  First,  the  presence 
of  only  a  trace  amount  of  FCIO^  precludes  a  substantial  disproport itnation 
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of  FClOg.  Therefore,  the  moat  probable  route  for  the  reaction  involves 
the  decomposition  of  FCIO2  aa  shovn  in  the  folloving  mechanisms; 


PClOg  _££r£SLlii£^Hfii^ciF  +  Og 


CIF  +  P2 


Corona  Diacharge 


CIP3  . 


f  Corona  Diacharge^ 


Thus,  it  appears  that  corona  activation  of  FCIO2  causes  decomposition 
rather  than  providing  a  reactive  excited  species  capible  of  being  fluor- 
inated  to  C1F302* 


CIF3O  PROPEBTIES 


Mass  Spectrum 


Previous  attempts  to  obtain  a  fragmentation  pattern  of  CIF^O  were  unsuc¬ 
cessful  (Ref.  9)-  At  that  time,  it  was  suspected  that  the  extremely  cor¬ 
rosive  chemical  was  not  reaching  the  isotron  in  the  CEC  21-103C  Mass 
Spec+rometer .  This  problem  was  compounded  because  only  small  quantities 
of  Florox  were  cben  available. 


I  is  most  desirable  to  obtain  one  measurement  that  in  itself  leads  to  an 
Ui  ihiguous  identification.  The  availability  of  larger  quantities  of  Florox 
couplen  wtth  a  modification  of  the  inlet  system  to  the  previously  mentioned 
mass  spectrometer  enabled  this  to  be  achieved.  The  difference  in  corrosiv¬ 
ity  between  CIF^O  and  CIF^  toward  the  micromanometer  is  demonstrated  by  the 
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fact  that  atable  patterns  could  be  obtained  for  CIF,.  vtiile  C1F,0  coaipletely 
decooposed  in  the  inlet  system.  Elimination  of  both  the  Dicromanometer  and 
a  3-liter  expansion  volume  made  it  possible  to  obtain  a  stable  mass  crack¬ 
ing  pattern  reproducibly,  using  an  ionizing  current  of  10.5  microamperes 
and  an  ionizing  voltage  of  70  electron  volts.  The  composite  apectrogram 
obtained  is  presented  in  Table  3> 

The  spectral  pattern  in  Table  3  is  normalized  to  the  most  intense  peak  ob¬ 
tained  at  high  mass  range  using  a  magnet  current  of  0.60  ampere.  The  spec¬ 
trum  of  ClF^O  was  corrected  for  the  following  impurities;  SiFj^,  ICIO^, 
ulg*  ClOgi  COPg)  COg*  Og,  and.  HF.  It  was  appareist,  from  several  patterns, 
that  little  variation  in  relative  intensity  wls  observed  for  the  key  mass/ 
charge  pattern  ratios  corresponding  to  ClFO^  and  CIF^O*^.  Some  variation 
was  noted  in  the  calculated  intensity  of  the  CIO^  peak  after  correcting 
for  Cl-0  containing  impurities.  Further  refinement  in  the  detemination 
of  this  value  is  dependent  on  a  more  accurate  accounting  of  impurity  con¬ 
tributions  to  this  peak, 


iq 

F  n.m.r.  Study  of  Florox 


19 

The  F  n.m.r.  spectrum  of  the  gas  phase  of  CIF^O  was  obtained  to  substan¬ 
tiate  the  proposed  symmetry.  A  Varian  DP60  spectrometer  was  used  which 
was  equipped  with  a  high-resolution  56  MHz  radio-frequency  unit  and  high- 
resolution  magnet.  To  detect  the  weak  signals  from  the  gaseous  sample,  a 
Princeton  Applied  Research  lock-in-amplifier  was  used  operating  at  1.5  Hz 
to  allow  obsers'ation  of  any  possible  fine  structure  in  the  spectrum.  The 
samples  were  the  gas  phases  in  equilibrium  with  the  liquid  phases  of  two 
purified  CIF^O  samples  containing  different  amounts  of  HF,  and  a  gas-phase 
sample  which  had  no  liquid  present.  To  observe  the  gas-phuse  resonances 
of  the  liquid  samples,  the  n.m.r.  probe  was  inverted  and  the  sample  main¬ 
tained  in  place  with  a  piece  o?  tape.  Calibration  was  effected  with  a 
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tVBLE  3 

MA.SS  (mCXING  PATTERN  OF  CIF.O 

.1 


Mass/Charge 

iftel;.'.tive  Intensitj  ,  percent 

Ion 

16 

15.19 

:-y  ■ 

19 

27.29 

■f"  '■/ 

35 

29.33 

Cl 

37 

, 

7.58 

■ 

cr  . 

' 

51. 

! 

14.78 

cio'' 

53 

' 

4 . 52 

{ 

O 

A-W 

o 

54 

21.23 

■ 

cif" 

56 

• 

7.10 

■ 

cif' 

70 

100. CO 

ClFO* 

12 

32.05 

ClFO” 

89 

80. 6o 

CIF^O^ 

91 

26.22 

CIF^O' 

108 

110 

— 

— 

NOTE;  The  sensitivity  factor  was  not  calculated  because 
no  accurate  pressure  measurement  was  made 
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sample  of  CCIF^  contained  in  a  capillary  tube;  surface  tension  held  the 
liquid  up  in  the  top  of  the  tube  in  the  inverted  probe.  Sidebands  at 
9600  Bz  generated  from  an  auxiliary  low-frequency  oscillator,  were  used 
for  magnetic  field  sweep  calibration.  The  results  arc  presented  in  Table  4. 

Some  of  the  features  in  the  n.m.r.  spectra  of  both  gas  and  liquid  are 
noteworthy.  The  sample  containing  only  a  gas  phase  revealed  two  different 
spectra.  The  initial  spectrum  showed  F  peaks  at  -223,  -262,  and  -300  O, 

Upon  aging  for  2  days,  the  -223  ppo  band  disappeared.  Subsequent  gas- 
phase  measurements  on  samples  containing  liquids  revealed  two  peaks  at 
-276  and  -317  The  first  measurements  were  less  precise  than  the  latter 
because  they  involved  the  use  of  a  much  lower  side-band  frequency  (l200  vs 
9600  Hz  for  the  others).  Thus,  the  -262  and  -300  0  bands  are  the  subsequently 
observed  bands  at  -276  and  -317  “P. 


No  assignment  is  readily  available  for  the  -223  0  (actually  -2h~  o) .  It 
could  possibly  be  assi,<?ned  to  the  high  field  band  of  Cir_.  However,  its 
disappearance,  as  well  as  the  absence  of  splitting,  make  this  unlikely. 
(There  is  a  remote  possibility  that  CIF^.  may  "disappear"  through  disolution 
into  the  Kel-F  tube  walls).  Another  possibility,  however  remote,  is  the 
presence  of  an  isomeric  species. 


The  liquid  spectra  revealed  only  one  line  and  are  unremarkable  except  for 
the  fact  that  the  chemical  shift  is  consistent  with  the  measured  HF  con¬ 
centration.  The  complete  collapse  of  the  doublet  in  the  liquid  phase, 
caused  by  the  exchange  initiated  by  the  low  HF  content,  may  preclude  the 
resolution  of  liquid  spectra.  Additicnal  studies  w'ill  be  conducted  with 
samples  containing  alkali  fluoride  salts  in  anticipation  that  their  bi¬ 
fluorides  are  completely  insoluble  in  the  Florox  sample. 
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TABLE  ^ 


N.M.R.  DATA  ON  ClP^O^®^ 


Sample 


Phase  in 


Chemical  !  Peak 


Liquid  Gas  i  Gas 


Probe 

Concentration 

Shifts,  0 

Intensity ■ 

G?  s 

-225^'^^ 

!  0 

i 

i 

-262 

0 

-300 

1 

Gas 

~ 

-262^*^^ 

0 

-300 

1 

Gas 

~ 

-2-6 

'  0 

-317 

1 

Liquid 

0.015  Molar 

-276 

— 

Liquid 

1  0.0004  Molar  j 

-289 

1  ; 

'All  spectra  taken  at  ambient  temperature 
^Measured  by  proton  n.m.r. 

^Same  as  preceding  sample,  only  2  days  "older" 
^Side-band  frequency  of  1200  Hz  used 
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Specific  Conductivity  of  ClP^O 


The 


specific  conductivity  of  ClF-0  at  25  C  has  been  measured  at  Rocketdyue 
and  a  preliminary  value  of  2  x  10  ohms'  cm  has  been  determined.  The 


apparatus  used  was  that  described  in  Ref.  10. 


FLOROX  CHEMISTRY 

Reaction  of  ClF.^0  Vitb  Compounds  (A  New  Synthesis  of  XF.^C) 

Studies  of  the  reactions  of  chlorine  fluorides  and  difluoramine  have  been 
shown  to  proceed  as  follows  (Ref.  9): 

ClFg^  .  1  +  (2x  +  OHNFg  - -  CLNTg  r  (2x)N2F,^  +  (2x  +  1)HF 


where 


X  =  0,  1,  or  2 


The  coarse  of  these  reactions  appears  to  involve  reduction  of  the  CIF^ 
moiety  to  GIF  followed  by  condensation  to  yield  Cl.VFg.  Because  Florox  is 
similar  to  the  chlorine  fluorides  chemically,  it  was  proposed  that  a  simi¬ 
lar  reaction  sequence  might  occur.  However,  after  the  reduction  of  CIF^O 
to  FCIO,  a  condensation  with  HNPg  might  yield  OCINF^: 


C1F_0  +  2HNF^  - -  2HF  +  K  F,  +  FCIO 

3  2  2  li 


FCIO  +  HNFg 


HF  +  OClNFg 


ClFgNO 
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Accordingly,  a  1;1  reaction  of  CIF^O  and  HNF^  vp’as  conducted  at  lov  pressure 

and  below  0  C.  A  smooth  reaction  followed,  yielding  no  noncondensables. 

No  unreacted  HNF2  observed  and  55  percent  of  the  C1F»0  was  recovered. 

The  N-F  containing  products  consisted  of  equal  proportions  of  CINF,,  and 

NF.O  and  a  small  amount  of  N'  F,  . 

3  2  k 

Thus,  the  course  of  the  reaction  appeared  as  follows; 

2HNF2  +  CIF^O  - ►  2HP  +  NF^O  +  CIST^ 

Based  on  this  equation,  the  yield  of  NF^O  and  CINF^  was  80  percent.  The 
concomitant  oxygenation  and  f luo,!ination  of  an  N’F.^  group  is  intriguing 
because  of  the  possible  reaction  intermediates  involved.  It  appears  prob¬ 
able  that  the  final  fluorination  step  involves  ClNF^jO,  as  in  the  preceding 
equation,  or  the  ONFg  radical.  The  mild  reaction  conditions  coupled  with 
the  high  yield  of  NF^O  are  unprecedented  during  all  previous  syntheses  of 
NF^O. 

Several  repetitions  of  this  experiment  using  higher  to  CIF^O  ratios 

(2  to  2.7: 1)  yielded  similar  results.  The  reaction  temperature  wa.s  varied 
between  -78  and  -112  C.  One  of  the  experiments  at  -112  C  yielded  only  75 
percent  of  the  anticipated  total  of  N^F^^,  CIXF.,,  and  \F_0  when  pumped  on 
at  that  temperature.  The  remaining  NT^  materials  were  obtained  only  on 
warming  above  that  temperature.  This  indicated  that  a  C1F_0-1[NF„  complex 
may  exist  at  the  lov  temperature.  An  attempt  to  confirm  this  on  n  scaled 
up  reaction  at  —112  C  was  unsuccessful.  This  may  have  resulted  from  in¬ 
sufficient  cooling  through  the  relatively  thick  walled  Kel-F  reactor.  The 
use  of  a  thinner  wall  Teflon  or  alumina  container  as  well  as  a  lower  tem¬ 
perature  (-125  C)  will  constitute  a  final  attempt  at  stabilizing  any  po.s- 
sible  complex. 
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The  possible  general  reaction  of  C1F_0  with  NF  compounds  to  yield  NT  0 

3  -  3 

was  also  considered.  To  test  this  possibility,  a  reaction  with  perfluoro- 
fonnamide,  FCONF^,  was  performed.  The  products  were  NF^O,  ClNFg*  ^2^4' 
and  COF^.  Assuming  a  stoicbiometry  as  follows; 


CIF^O  +  2FCONF2 


2COF2  +  NF^O  +  ClNFg 


the  NF'^O  yield  was  21  percent.  Although  this  yield  is  somewhat  low,  it 
does  confirm  the  utility  of  CIF^O  as  a  versatile  oxygenating  and  fluori- 
nating  agent. 


POSSIBLE  SYNTHESIS  OF  CHLOROSYL  FLUORIDE  (FCIO) 

An  unidentified  compound,  referred  to  as  Compound  C,  has  been  observed  on 
a  number  of  occasions  (Ref.  3).  Infrared  evidence  is  consistent  with  the 
proposed  chlorosyl  fluoride  (FCIO)  as  well  as  reaction  enviroiunents  from 
which  it  is  obtained.  However,  this  material  is  elusive  in  that  all  pre¬ 
parative  methods  have  thus  far  been  irreproducible .  The  pursuit  of  this 
material,  while  not  an  all  encompassing  end  in  itself,  offered  the  pos¬ 
sibility  of  exploring  a  wide  variety  of  reactions  of  CIF^C  as  well  as 
other  halogen  fluorides. 


Reduction  Reactions  of  CIF^O 

One  reducing  agent  that  appeared  to  be  of  interest  in  exploring  the  reduc¬ 
tion  of  CIF^O  was  ^2^4 •  already  been  shown  that  CIF^  undergoes 

smooth  reduction  to  CIF^  as  in  the  following  equation  (Ref,  ll). 


C1F_  +  N„F, 
3  2  4 


CIF^  +  2NF^ 
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The  obviouB  analouv,  then,  is  the  oxidation  of  N„F,  with  Florox: 

i.  ‘i 

o 

ClFjO  +  NgFj^  - ^  FCIO  +  2NP^ 

Tetraf luorohydrazine  and  CIF^O  do  not  react  at  ambient  temperature.  To 
produce  appreciable  reaction,  tests  were  conducted  at  iOO  C.  Even  at  100  C 
over  a  2'»-hour  period,  85  percent  of  the  CIF^O  was  recovered  unchanged.  A 
trace  of  Compound  C  was  found  among  the  products  which  also  included  NF.^, 
and  unreacted  ^2^/4'  ^  after  65  hours,  the  C1F^0-\^F^  reaction 

produced  FNO,  FNOg,  NF^O,  OTy  and  CIP.  No  Compound  C  was  formed  and  46 
percent  of  the  CIF^O  was  recovered. 

The  reduction  of  CIF^O  with  Clg  was  re-examined  in  the  hope  that  the 
following  reaction  could  be  observed; 

CIF^O  +  Clg  - FCIO  +  2C1F 

During  previous  experiments  (Ref.  3)  no  reaction  of  Cl^  was  observed  at 
ambient  temperature  with  either  CIF^O  or  its  CsF  comple.x.  The  results  of 
a  series  of  experiments  at  elevated  temperatures  are  presented  in  Table  5. 


TABIi;  5 

REACTIONS  OF  Cl^,  WITH  CIF^O 
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During  the  one  run  at  1^0  C,  a  trace  of  Compound  C  vaa  produced,  but  no 
other  run  produced  evidence  for  this  elusive  species.  At  or  below  13O  C, 
FClOg  and  CIP^  were  produced  from  partial  reaction  of  ClF.jO;  vi-hile  at 
200  C,  the  ClFjO  reacted  completely  with  Cl^  to  produce  CIF  as  in: 


Clg  +  CIF^O 


3C1F  +  1/2  0^ 


Attempted  Synthesis  of  Florox 


Oxygen-fluorine  exchange  reactions  as  possible  routes  to  oxvchlorine  flu¬ 
orides  were  studied  using  the  reaction  systems  FI0„-C1F_  and  I  0„-ClF_. 
The  desired  reactions  were: 


2C1F_  +  FI0-' 
P  2 


2Clf,0  +  IF. 

3  p 


5CIF5  .  I^O. 


5C1F.,0  +  2IF,, 

3  5 


These  exchanges  were  based  on  the  knon  reaction  of  FIO2  (Ref.  12): 


2SeF,  +  FI0„ 
k  2 


2SeOF.,  +  IF. 

2  3 


No  CIF^O  was  observed  as  a  product  in  either  reaction.  The  reaction  be¬ 
tween  CIF^  and  FlOg  produced  FCIO^  and  lesser  amounts  of  FCIO.^.  With 
10.  and  CIF.,  primarily  FCIO^  with  smaller  amounts  of  ClO^  resulted. 


Mixed  Interha logens 


Complex  interhalogen  fluorides  based  on  CIF^O  would  form  an  interesting 
type  of  compound,  therefore,  the  acid-ba.se  equilibria  of  CIF^O  (a  moderately 
strong  base)  with  the  strong  acids,  BrF^  and  IF.,  have  been  studied.  Both 
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systems  vere  miscible,  yieldin;';  clear  solutions  vith  extended  liqnidus 
ranges.  Hovever,  vapor  pressure  measurements  revealed  that  the  solutions 
were  nonideal.  Conductivity  measurements  were  then  used  to  assess  the 
extent  of  any  possible  ionization. 

In  the  BrF_-ClF_0  system,  the  addition  of  h  mole  percent  ClF^O  to  BrF_ 
increased  the  resistance  of  the  solvent  slightly.  On  this  basis,  it  ^i-as 
concluded  that  the  self-ionization  of  BrF^  is  unaffected,  and  tlie  resis¬ 
tance  increase  is  caused  bv  the  addition  of  the  less  conductive  C1F_0. 
Thus,  the  following  equation  does  not  appear  to  be  operative; 

ClF-0  +  BrF-  ■  -  ^  C1F„0*  +  BrF,  ~ 

3  3  2  4 


Elucidation  of  the  IF_-C1F^0  system  was  complicated  by  difficulty  in  puri¬ 
fying  and  transferring  the  IF_.  Several  measurements  were  made  and  are  ,  . 

shown  in  Table  6.  The  widely  differing  values  tor  the  initial  resistance  > 

of  IF^  apparently  indicate  the  material  was  impure.  In  each  case,  the 
addition  of  C1F_0  resulted  in  a  lowering  of  the  resistance  of  the  IF„. 

3  ) 

However,  it  was  not  quantitatively  reproducible  and  cert, n inly  does  not 

suggest  ionization  of  the  ClF.^0.  In  addition,  removal  of  the  C1F_0  did 

not  raise  the  resistance  of  the  IP_. 

■) 

It  is  therefore  apparent  that  lowering  of  the  resistance  of  the  If,  vas 
caused  by  impurity  addition  and  that  the  following  equilibrium  exists 
slightly,  if  at  all: 


CIF^O 


CIF^O 
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I  m- 
r  c.- 

h 


lABIZ  6 


CONDUCTIYIIT  IK  THE  IF--C1P,0  SYSTiM  AT  25  C 

5  3 


I 


IF-  Resistance, 
^  ohms 

76 

59 

173 

293 


ftesistance  After  Florox 
Addition,  ohms 

kk 

55 

120 

236 


r 


Hydrolysis  of  MClFj^ 

Another  possible  route  examined  for  the  preparation  of  FCIO  involved  con¬ 
trolled  hydrolysis  of  anionic  interhalogen  fluoride  specie? .  The  systems 

studied  were  KCIF, and  CsClF, -H„0.  The  desired  reactioiis  i.ere: 

4  2  4  2 


HCIF,  +  H„0 
4  2 


MClFgO  +  2HF 


with  possible  displacements  as  in: 


MClFgO  +  HF 


MHFg  FCIO 


Static  reactions  have  been  run  where  H„0  ■v*'as  added  both  to  CsClF,  and 

2  4 

KCIF,  .  In  addition,  a  flow  reaction  was  run  where  H-0  saturated  N.  was 
4  2  2 

passed  through  CsClF^  at  ambient  temperature.  In  the  flow  run,  large 
amounts  of  CIO2  ^td  Cl^  were  generated. 
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Results  on  the  static  systems  vtre  variable.  Approximately  three  to  five 
molar  equivalents  of  water  were  added  to  three  KCIF,^  samples.  Upon  pumpinc, 
unreacted  water  and  approximately  6,  18,  and  percent  of  the  oripinal 
tetraf luorochlorate  chlorine  were  evolved  as  volatile  chlorine  containinp 
species.  Similarly,  with  three  CsClF^^  samples  2,  a:;d  percent  of 
the  original  tetraf luorochl orate  was  evolved.  T’'e  volatiles  were  princi¬ 
pally  elemental  chlorine  with  smaller  amounts  of  CIO.^  in  two  coses,  and 
FCIO,,  in  one.  The  variation  in  evolved  chlorine  may  be  cau.«ed  by  the 
technique  of  water  addition.  If  the  water  reacts  slowly  and  smoothly, 
hydrates  are  probably  formed.  However,  if  the  reaction  is  rapid,  liot 
spots  might  develop  which  could  cause  violent  reaction  and  yield  elemental 
chlorine  as  a  product. 

Subsequent  reaction  of  three  of  the  residual  solids  with  oxcc«8  ICF  yielded 
H2O.  Thus,  it  appears  probable  that  stable  hydrates  were  IDtined.  Because 
the  hydrolytic  reactions  of  the  CIF^  ion,  in  general,  pi'ovcd  to  he  com¬ 
plex  and  vigorous,  the  study  in  this  area  has  been  limited  in  e.xaminiiig 
the  postulate  of  the  formation  of  stable  hydrates.  Rcferenco  samples  lor 
KF-KClFj^  and  KF-H^O  were  prepared  and  their  .X-ray  powder  patterns  were  ob¬ 
tained.  Although  the  patterns  were  complex,  comparison  of  the  KF-KCIF, -H.^0 
data  listed  in  Table  /  with  KF— KCIF^  and  KF— H..jO  reference  patterns  revealed 
that  another  phase  was  present.  Comparison  of  AST.M  reference  patterns  for 
XF'2H2C!,  KHFg,  KCIO^,  KCIO^,  KCIO^^,  KO^,  and  KO..  l.as  also  revealed  t.hut 
these  compounds  do  not  account  for  the  unreferenced  lines.  Thi.^  .X-ray 
evidence  for  a  new  phase  and  the  chemical  observation  that  the  KF-KCIF, 
mixture  hydrolyzed  only  slightly  with  water  indicated  tlic  liigh  probability 
of  the  formation  of  hydrate(3)  of  the  type  KClF.^-xH^O.  Halocarbon  mulls 
of  the  solid  product  on  two  occasions  showed  only  the  halocarbon  pealts  in 
the  infrared  and  no  OH  stretching  vibrations  were  observed. 
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The  reaction  of  uacomplexed  CIP^  vii«  examiued  with  H^O  to  test  the  hypoth¬ 
eses  that  a  condensation  would  evolve  as  follows: 


CIP^  +  HgO  - -  PCIO  +  2HF 

The  first  reaction,  using  excess  CIF^  at  ambient  temperature,  yielded  trace 
amounts  of  Compound  C  and  GIF.  Four  additional  runs,  however,  conducted 
both  at  ambient  temperature  and  at  -18  C  produced  only  Cl^,  CIO^,  CIF,  and 
FCIO^ . 


Chlorine  Sesguioxidc 

A  paper  (Ref,  I3)  entitled  "Chlorine  (lil)  Oxide,  a  New  Chlorine  Oxide" 
was  recently  published.  The  tentatively  identified  material,  Cl-0_  was 
formed  by  the  ultraviolet  irradiation  of  CIO,,  in  a  Pyrex  bulb  with  a  cold 
finger  held  at  -45  C.  The  stoichiometry  reported  was: 

30  CIO2  - -  40130^  +  ecigO^  +  90^  +  5CI2 

Because  of  the  postulated  structure,  i.e.,  a  cateiuited  chlorine  corapouiul, 
the  utility  of  Cl20^  as  an  intermediate  in  several  areas  of  research  v-as 
of  interest. 

The  reported  synthetic  technique  was  used  and  produced  trace  amounts  of 
the  n'---  species  formed  as  a  brown  solid  ring  at  the  neck  of  the  -45  C  cold 
bath  "owever,  only  extremely  small  amounts  of  the  material  were  produced 
by  thi.?  method,  [McIIale  and  Von  Elbe  (Ref.  I3)  produced  approximately  0.2 
mmole  (0.024  gram)  in  their  runs.]  Attempts  to  increase  the  quantity  of 
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product  involved  raieing  the  q«antity  of  ClOg  irradiated,  lowering  the 
reaction  temperature,  using  a  Eel-F  reactor,  and  use  of  flow  systems.  An 
attempt  to  increase  the  quantity  of  product  by  irradiating  approximately 
1  milliliter  of  CIO^  resultet  in  a  violent  explosion,* 

*CAimOK\HY  NOTE:  In  this  attempted  preparation,  approximately 
1  liquid  milliliter  of  chlorine  dioxide,  contaiued  in  a  230-cc 
Pyrex  reaction  vessel,  was  slowly  warmed  from  -196  to  ~k5  C 
where  it  has  a  reported  vapor  pressure  of  37  millimeters.  The 
ultraviolet  lamp  was  then  turned  on.  After  approximately  5 
minutes,  the  CIO2  exploded  with  sufficient  force  to  shatter 
the  l/4-inch  Plexiglas  safety  shield  surrounding  it  at  a  dis¬ 
tance  of  1  foot.  In  later  preparations,  much  smaller  quantities 
of  ClOg  were  used. 

Employing  a  lover  reaction  temperature  (-64  C)  than  that  of  McHnle  and  von 
Elbe  (-45  C)  led  to  more  reproducible  results.  However,  the  amounts  of 
ClgOj  formed  remained  small.  In  a  typical  experiment  at  -64  C,  irradia¬ 
tion  of  3.3  mmoles  of  CIO2  produced  1.34  mmoles  of  Cl.^.  Thus,  less  than 
20  percent  of  the  starting  ClOg  was  converted  to  solid  chlorine-containing 
species,  and  the  yield  of  ClgO^  was  leas  than  0,31  mmole.  Attempts  to 
sublime  the  brown  solid  even  very-  short  distances  resulted  in  its  decom¬ 
position. 

To  raise  product  output  and  still  maintain  a  low  concentration  of  the 
treacherous  CIO2,  the  preparation  was  converted  from  a  static  system  to 
a  recirculating  flow  system.  Passage  of  Cl^  through  NaClOr,  products  CIO^. 
Thus,  Clg  could  be  continually  fed  into  the  system  and  passed  through  NaClO^ 
producing  ClOg  which  is  then  irradiated.  Unreacted  CIO^  and  Cl,,  would  be 
recirculated  at  low  pressure  through  the  NaClO^  and  irradiation  areas. 

Oxygen  produced  could  be  removed  by  an  occasional  bleedoff.  With  only  a 
low  pressure  of  CIO^  in  the  system,  it  should  be  possible  to  prepare  mod¬ 
erate  amounts  of  Cl^O^.  Several  runs  were  made  using  the  recirculating 
system,  however,  in  only  one  case  was  any  material  produced,  and  continued 
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reaction  caused  it  to  decompose.  Keeping  sufficient  CIO,,  in  the  irradiated 
volume  was  the  apparent  problem.  This  was,  in  turn,  dependent  on  the  rate 
of  formation  of  CIO^  and  the  efficiency  of  pumping.  Because  oJ  the  lack 
of  success,  the  recirculating  system  was  abandoned. 

Chemical  reaction  of  ClgO^  was  attempted  by  allowing  it  to  react  with  CsP. 
This  would  occur  by  either  of  the  following  routes; 


CsF  +  Cl20^ 


CsOCl  +  FC10„ 


CaF 


CI2O3 


—  CsClOg  +  FCIO 


Formation  of  Cl^O^  in  a  reaction  vessel  containing  C.^F  was  sucre.s.vful . 
While  no  reaction  was  observed  with  CaF,  this  may  have  been  caused  by 
failure  to  achieve  a  suitable  contact  between  the  solid  reactants. 


To  provide  a  medium  for  reaction  and  to  allow  pos.sible  transfer  from  the 
glass  system,  an  attempt  was  made  to  dissolve  the  material  iti  CFC1_;  liiiw- 
over,  little,  if  any,  .solubility  was  observed  in  the  CFC1_.  Becnusi'  of 
this  solubility  problem,  difficulties  in  handling  ClOr,,  and  Dio  iliiliculiy 
in  preparing  even  trace  (juuntitie.s  of  the  new  niateiial.  1  lives  1  1  ga  1 1  on  on 
Cl20^  was  terminated. 


i  y 


Oxidation  of  CI2O  With  CF2(0F)2 


Mild  f luorinations  of  CI2O  or  other  appropriate  CIO  -species  ofi'er  an  addi¬ 
tional  route  to  chlorosyl  fluoride.  Previous  experiments  in  this  mode 
utilized  fluorine  with  excess  ClgO  (Ref.  5)-  Complexes  and  low  tempera¬ 
tures  were  thought  to  be  conducive  to  moderating  the  reaction  such  that  0 
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chlorine  (ill)  compound  would  reault.  Results  with  Fg  revealed,  however, 
that  once  reaction  was  initiated,  oxidation  was  complete  to  CIF^O.  This 
strongly  implied  that  the  molecule  FCIO  was  much  more  susceptible  to  oxi~ 
dation  than  Cl^O. 

Bather  than  using  Fg  as  the  fluorinating  agent,  the  use  of  CF^(0F)2  was 
considered.  Over  a  period  of  15  days  at  Dry  Ice  temperature,  Cl^O  decom¬ 
posed  completely  to  Clg  and  0^  with  a  verj*  small  amount  of  FCIO^  formed. 
The  CP2(0F)2  was  recovered  essentially  unchanged. 


Fluorination  of  Chlorine  Dioxide 

Because  ClOg  has  been  observed  in  some  reactions  which  produced  small 
amounts  of  Compound  C  (FCIO?),  it  was  thought  that  fluorination  of  CIO,, 
under  certain  reaction  conditions  might  produce  FCIO  according  to: 


ClOg  +  1/2  Fg  - -  FCIO  +  1/2  0,, 

Vigorous  conditions  would,  however,  be  required  because  mild  conditions 
produced  FClOg  (Ref.  l*i). 

Separate  experiments  with  an  excess  of  either  or  CIO,,  resulted  in  rapid 
reactions.  In  these  experiments,  ClOg  and  Fg  were  placed  in  separate  300- 
milliliter,  stainless-steel  bombs  and  allowed  to  mix  rapidly  by  a  simple 
turn  of  a  valve.  In  each  case,  a  clang  similar  to  hitting  the  bomb.s  to¬ 
gether  occurred  upon  mixing,  indicating  rapid  explosive  reaction.  In  the 
run  at  ambient  temperature  with  excess  fluorine,  the  products  found  wore 
CIF^  and  FClOg  in  a  ratio  of  approximately  5:1.  Thus,  the  reactions  ob¬ 
served  were: 


ClOg  + 

3/2 

-  CIF^ 

ClOg  + 

1/2  Fg  - 

- -  FCIO, 
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With  excess  ClO^t  an  experiment  at  ambient  temperature  yielded  only  ele¬ 
mental  Clg  90-pcrcent  yield)  as  a  product.  .Another  experiment  at  0  C 
produced  Clg  90-percent  yield)  and  approximately  2-percent  FCIO.^,  Under 
the  condition  employed,  the  principal  net  reaction  ii'as  c.vplosire  decomposi¬ 
tion  of  ClOg.* 

CIO2  Cl,,  T-  O2 
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IODINE  IXUORIDES  AND  OXYFLL-ORIDES 

Iodine  dioxide  tri fluoride,  ^‘epi’esents  an  iinJcr.ouTi  conipoeitioii  for 

haloeen  oxyf luoridea .  A  limited  effort  was  conducted  to  syntliosizo  this 
compound  as  a  complement  to  the  concurrent  effort  to  prepare  Cll.O,,,  The 
kno^tTi  compound,  IF_0,  offered  a  convenient  atartinp:  mterial  .  Samples  of 
IF^  were  first  prepared  from  IP^  and  F^.  The  11’^  tus  converted  to  1F,,0 
as  follows  (lief.  15);  ‘  ^ 

2IF^  +  SiO,,  - - -  2IF_0  +  SiF, 

i  L.  oh 

Significant  discrepancies  wore  noted  between  the  reported  \-upi»r  pressuroa 
of  these  compounds  and  the  observed  values.  The  measured  values  for  Jl'_ 
were  approximately  twice  those  reported,  despite  tlie  fact  that  the  only* 
detectable  impurity,  IF-0,  was  present  only  in  trace  (puiatiLies,  An  exact 
deter-mination  of  the  vapor  pressure  was  not  niuile  hut  the  Muiei'ial  \ui.s  (.„n- 
verted  to  IF.O.  rollowiag  initial  vacuum  fraetiOuat  i  i.ii ,  final  traee.s  of 
SiF^^  and  IQ’  were  reraoved  from  the  IF_0  by  treatmem  vitli  lU  .  AiiaJy.sis  of 
this  material  by  near  infrared  spectroscopy  revealed  )(•s.^  ihaii  (I.7  -1^  „  up. 
The  sample  was  tonsioiiietrically  homogeneous.  1  lie  iafrareil  .spru;! lumi  uns  as 
reported  (Ref,  lO).  and  the  vapor  density  yielded  a  !:i()  I  ecu  lai'  weight  of 
246  g/mole  (258  calculated).  The  corrected  vapei-  iiressi;i-e-icj:iperuTure 
equation  for  IF_0  is  log  =  8.0874  -  1050. ’,.1.  i  he  heal  of  .sub  i  ir.:at  ,  oa 
is  7-59  kcal/raole  and  a  sublimation  pressure  of  700  is  obLained  ai  i  . 4  ( 

Additional  information  concerning  both  1F_  and  1F„U  was  ohtaiaed.  in  par¬ 
ticular.  the  previously  uureported  mass  crackin.'i  patterns  wci'o  detcriuiniMi . 
The  inlet  system  of  the  mass  spectrometer  was  altered  as  described  earlier 
(Ref.  17)  and  the  same  operating  conditions  were  eu'.pioyed.  The  mass  .spec¬ 
trum  of  IFg  was  first  determined  as  a  comparnti  s-e  roference  (itcf.  Id). 
Reproducible  spectra  were  obtained  for  both  IF.,  and  1I_0  and  are  shown;  in 
Tables  8  and  9. 
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TABLE  8 


MVSS  CRACKING  PATTERN  OF  ir_ 

/ 


! 

i  Relative  Intensity, 

1  Mass/Charge 

percent 

I  on 

1  260 

No  parent 

IF-"^ 

241 

.  73.68 

1^6' 

'  222 

,  19.54 

IF_^ 

203 

100.00 

1  184 

7.50  1 

IF." 

i  163 

6.45 

IF/ 

!  146 

55.15  ' 

if" 

1  127 

50.26  j 

l" 

TABLE  9 

MASS 

CRACKING  PATTERN  OF  IV.O 

J 

i 

1  Relative  Intensity,  \ 

.  ~  ~ 

Maas/Chai'ge 

percent 

Ion 

238 

32.03 

IF.o" 

22‘J 

2.60 

lf/ 

■; 

219 

17.40 

11,0^ 

203 

100.00 

IF,  ’ 

■1 

200 

4 . 38 

IF.o" 

> 

1  184 

21.92 

IF.o" 

+ 

181 

17.93 

IF„0 

165 

10. 14 

j  162 

28.77 

110'^ 

143 

12.19 

10" 

1 

L_ 

;  48.23  i 

l" 

I 


AV 

:  f 

V  > 


^  <  ■ 
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In  the  case  of  IF^  and  IF^O,  parent  ions  were  observed.  Previous  work 
with  chlorine  fluorides  with  this  instrumentation  never  yielded  parent 
ions.  Recombination  reactions  were  not  observed  and  therefore  no 
were  observed.  Only  very  minor  quantities  of  impurities  (SiP^  and  COFg) 
were  found  and  these  could  not  be  confused  with  mass/charge  values  of 
iodine-containing  ions.  The  spectral  patterns  are  normalized  to  the  most 
intense  peak. 


The  attempts  to  prepare  1^1^02  u^tlized  the  reaction  of  IF.O  and  SiO^ 
(either  Cab-O-Sil  or  80  mesh  silica)  at  elevated  temperature.  Because 
the  formation  of  IF^O  from  IF.^  and  SiO^  occurs  readily  at  ambient  tempera¬ 
ture,  it  appeared  that  additional  oxygenation  of  the  central  iodine  atom 
might  well  occur  under  slightly  more  vigorous  conditions; 


2IF.0  +  SiO„- 


■2IF^02  +  SiF^ 


Reactions  were  conducted  at  IJO  C  (Cab-O-Sil)  and  143  C  (silica).  In 
each  case,  only  a  very  siuall  amount  of  SiF^  formed  and  unreacted  IF^O 
was  partially  recovered.  However,  very  extensive  thermal  decomposition 
of  the  IF_0  was  noted  and  simply  involved  loss  of  oxygen. 

IF_0 - -IF.  +  l/20„ 

Thus  no  new  covalent  I-F-0  material  was  obtained. 


To  ascertain  the  types  of  reactions  that  IF^O  might  undergo  and  thereby 
gain  insight  into  the  methods  most  likely  to  be  successful  in  converting 
it  to  IF^Og’  potential  acid/base  characteristics  were  also  examined. 
It  was  observed  that  IF.O  does  not  react  with  either  the  base,  CsF,  or 
the  acid,  AsF^.  Thus,  IF^O  is  more  "neutral"  than  any  other  known  inter- 
halogen  fluoride. 
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Another  reported  method  (Ref.  15)  of  prepariiij;  iF.O  is  as  follows: 

3IF-  ■+  loO..  - -  3IF-0  +  2IF-0 

j  *•  D  D  J 

The  supposed  by-product  of  the  reaction  is  iodine  oxj'tri fluoride .  Earlier 
efforts  to  form  covalent  IF^O  only  resulted  in  the  formation  of  the  ionic 
(Ref.  9).  Therefore,  this  reaction  was  examined  as  a  possible 
route  to  the  expectedly  covalent  IF_0.  Lacking  any  experimental  details, 
it  was  decided  to  use  initially  a  reaction  temperature  of  150  C. 

At  this  temperature,  vigorous  reaction  occurred  but  proceeded  as  follows; 

IF_  +  I„0_  - -  IF.  +  12FI0-  +  l/'2  0„ 

(  2  0  0  2  '  2 

Thus,  neither  IF.O  or  IF^O  wore  obtained.  Any  further  attempt  to  secure 
IF^O  via  these  reactants  will  require  milder  coiiJitions . 

Among  the  unexplored  properties  of  IF.O  is  its  thermal  stability  and  sus¬ 
ceptibility  to  pyrolytic  breakdown.  The  latter  was  considered  as  a  siuiple, 
straightforward  route  to  IF^O; 

IF.O  — ^  IF.O  + 

P  j  2 

The  alternative  mode  of  thermal  cleavage  was  also  expected,  especial ly  in 
view  of  the  results  with  SiOr,,  although  this  effect  may  have  been  catalytic 

IF.O— IF.  +  1/2  0„ 

P  p  2 

The  first  test  of  the  basic  thermal  stability  revealed  that  IF^U  could 

P 

be  quantitatively  recovered  after  5  days  at  75  C  in  a  stainless-steel 
cylinder.  Therefore  the  pyrolysis  experiments  i.-ere  planned  at  consider¬ 
ably  higher  temperature  (25O  to  pOO  C)  in  a  flow  reactor.  A  supply  of  IF.O 
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was  maintained  at  -78  C  in  a  cylinder  attached  directly  to  the  hot  tube 

which  was  preheated  to  the  desired  temperature.  The  IF_U  was  pumped 

through  the  heaved  zone,  at  a  rnte  determined  by  the  vapor  pressure  of 

IF^O  at  -78  C,  and  quenched  at  -196  C  shortly  thereafter.  Temperatures 

below  J'tO  C  were  found  to  cause  decomposition  cleanly  to  IF.  and  0,,.  From 

540  to  500  C.  breakdown  of  the  1F_  to  1,,  became  noticeable  and  at  the 

5  d 

highest  temperature  was  essentially  complete.  .Many  experiments  produced 
traces  of  a  volatile  compound,  which  was  identified  as  chromtl  fluoride 
(CrO^F,,)  by  infrared  and  mass  spectral  analysis  (Ref.  19).  Its  formation 
is  due  to  fluorination  of  chromium  oxides  obtained  by  reaction  of  chromium 
metul  in  the  stainies  -steel  tube.  The  CrO,,F,)  was  comp lete iy  elimiimted 
when  the  reactor  tube  was  thoroughly  passivated  and  therefore  it  appears 
that  the  decomposing  IF_0  is  not  capable  ol  producing  both  active  fluorine 
and  oxygen  for  converting  the  chromium  to  CrO,,!,,. 


To  induce  loss  of  fluorine  alone  from  IF_(J  and  pus.sibly  also  obtain  ox\gen 
transfer,  flow  pyroly.se.s  wore  carried  out  using  CuO-pacIted  hot  tubes.  At 
temperatures  of  1150  to  351)  C,  it  was  found  that  small  i|Uantiiios  of  another 
volatile  unknown  were  produced.  This  compound  exhibited  an  inl'rured  absorp¬ 
tion  at  945  cm  ^  (Pljll)  which  overlaps  the  I-t)  ah.sorption  of  II'-U  (9-5  i:ni 
PQR).  It  is  possible  that  the  proximity  of  infraied  bunds  is  indicative 
of  the  unknown  being  a  new  IF^O  species.  Alternate  .s\ a  l  be  i  1 1-  ooiid  i  1 1  uns 
are  being  soiiglit  in  increase  tlie  yield. 


Reaction  of  1F_0  and  IINF,, 

_ 2 _ 

The  success  attained  with  the  CIF^O-IINT,,  reactions  |;roinpted  an  e.xarai iia t  i on 
of  the  corresponding  IF.O-HNf’r,  system.  Iodine  oxypen  taflnnr  i  de  repre.sents 
the  only  other  oxyhalogen  fluoride  of  the  type  ,  Tlic  reaction  proceeded 
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smoothly  at  -78  C.  The  products  were  N’^F,^.  FS'O.  1F_.  and  HF  and  may 
involve  nianv  of  the  reactions  shovn  below: 


IF-O 

3 

^  IINF^  - - 

IF,  0- 

+  -NF^ 

1F„0 

+  .NT,,  - - 

•0NT„ 

+  IF- 

P 

o 

P 

IF,  0. 
|| 

T  .NF^ - - 

•ONT, 

>  " 

FNO  +  F- 


IF,  •  +  F 

'I 


Thus,  the  primary  difference  between  ClF.,0  and  IF^)  :n  Hu-ii  leaciion  wiih 
HNT,,  is  that  Cll'_0  is  a  sufficicnilv  reactive  f  luoi'iiui  i  in::  a::eni  to  convert 
ONF,.  to  N'F_U  while  IF_(J  and  IF.  are  not;  therefore,  ihe-ON'F,,  de(iiiii|io.«(>s  . 


Preparation  of  CIN'O, 


A  new  .simplified  preparation  of  tlilorine  ni  trine  from  I'll  and  IP.'t).  was 
demonstrated.  The  method  and  results  are  presented  in  the  form  of  <i  iiiaiai- 
script  in  Appendix  A. 


PHEPARATION  OF  ItrM). 

Some  effort  has  been  direoteil  to  effect  the  synthesi.s  o  1'  pure  MrNO.. 
Previous  efforts  yielded  impure  .uulerial  in  low  yield  (lief,  "i ) .  liiil  iiiaile 
it  possible  to  oittaiii  the  previously  tin  repof  t  ed  iiil'iareil  speciriuii.  Tit  i  s 
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has  facilitated  the  identification  of  products  in  alternate  syntheses, 

The  best  synthesis  has  utilized  BrF-  and  UNO.,  hut  j)rodiirt  separation  v»-as 
difficult.  The  discovery  of  the  following  reaction  (lief.  2i)): 


2C1F  +  Pb(.\'0^)^' 


PbF,,  +  2C1.V0. 

2  j 


led  to  an  attempt  to  utilize  BrF.  in  an  analogous  system. 
2BrF.  +  l'b(N0^)2  PbF^  +  2  [F^lir ( N0_ )| 


f^Br.NO^, 


2F,,  +  DrNO. 
2  ■) 

'BrF^O  + 


Bromino  nitrate  formed  in  this  manner  would  be  readily  separiiicd  from 
unreacted  starting  materials  and  by-products.  Agitation  of  the  reactants 
at  -45  C  resulted  in  a  dispersion  but  little  or  no  reaction.  On  warming 
to  ambient  temperature,  a  mild  reaction  ensued,  us  eviiliMired  iiy  a  gradual 
increase  in  the  pressure  of  the  system.  After  some  time,  tlio  voliitile 
products  were  fractionated,  and  some  BrN0_  was  ehtained.  lluwevei'.  most 
of  the  gaseous  product. s  weie  C  noncoiulensul)le.s  and  ilecompos  i  ti  on 

products  of  Br.N‘0^  (NO.,-  Br,,).  Thcn'fore.  it  will  he  uecessaty  i.o 

achieve  reaction  at  lower  tempera  cures  ami  thoreliy  pierlude  this  second, ir\ 
decomposition.  This  may  he  achieved  by  the  reaction  of  Bid'  u.w  derived 
from  the  Br,,,  BrF.^  etiuilibrium.  An  examinunoii  of  the  Nn\'0_  and  Ih'F. 
system  revealed  that,  when  at  room  temperature,  the  rciution  was  too  slug¬ 
gish  to  yield  atiy  appreciable  BrNO^. 
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FLUOniKATION  OF  BROMINE  NITRATE 

Despite  the  failure  to  secure  pure  BrNO^.  fluorination  reactions  were  con¬ 
ducted  using  the  impure  material  (contaminants  being  any  or  all  of  the 
following:  BrF^,  Br^.  FNO^.  RNO^,  NgO^).  Fluorine  was  used  at  a  pressure 
of  several  atmospheres.  At  -80  C,  no  reaction  was  observed  and  some  BrNO., 
was  not  recovered.  Two  reactions  at  ambient  temperature  yielded  bromine 
pentaf luoride  and  a  solid.  This  solid  was  off-white  to  pale  green  (prob¬ 
ably  because  of  metal  fluoride  contamination).  It  hus  no  vapor  pressure 
at  room  temperature  but  heating  to  30  to  60  C  with  pumping  ciuised  evolution 
of  FN0„.  Br  ,  and  noncondensables .  The  infrared  spectrum  of  i1>h  solid  in 
the  2-  to  15-micron  region  revealed  the  presence  of  tlie  NO,,  cation 
(2383  -10  cm  ^).  The  assignment  as  NO2*  based  both  on  the  evolution  of 
FNO2  and  the  infrared  band  position.  N'itroniuni  ion  ubsorptioiis  liavc  been 
noted  in  this  region  for  similar  compounds.  NO.j^BF,”  2380  cm''*  (Rel'.  21) 
and  NO,,  CIO^  2360  cm  (Ref.  22);  while  nitrosoimuii  ion  absorptions  are 

at  somewhat  lower  frequencies,  NO^CIF  ”  2279  cm~^  (Ref.  23).  and  N'0*liJ', " 

—  1  ^  * 

23^0  cm  (Ref,  21).  This  differentiation  is  important  bccau.se  only  one 

ambient  temperature,  stable  solid  compound  containing  N.  0.  Br.  and  f 


functions  has  been  reported,  i.e. 


NO^BrF, 


(ltd'.  '2’i).  Tliei'dore.  tins 


solid  appears  to  be  a  new  complex'  of  the  Lj  pe  NO,,  Bi  l',,(r,  A  llioi  ouf;li 
characterization  of  N'0„  BrF^^  was  carried  out  (Ref.  25)  and  it  wu.s  fuiind 
to  be  quite  different  troni  tins  solid. 


In  an  attempt  to  liberate  the  complexed  bromine  species,  a  displacement 
reaction  similar  to  that  reported  (Ref.  2't )  for  NO’^BiT',^”  was  attenqited: 

SiF^(g)  T  2\0BrF,^(s)  - -  (N0)._,SiF'^^(.s  )  t  Brl_(l) 

The  solid  obtained  from  the  fluorination  of  lIrN0_  was  exposeil  to  Sil',^  at 
room  temperature  for  several  hours.  No  rctiction  occurred  and  the  Sil, 
was  recovered  quantitatively. 
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It  has  been  dcsonatrated  that  C1F_0  ia  a  weaker  F  acceptor  than  C1F_ 

3  J 

(llef.  3)  and  a  aimilar  trend  might  be  expected  for  BrF.O-BrF-.  There¬ 
fore.  because  NO^^firF.  is  unstable  it  is  orobable  that  XO  /BtF. 0  would 
be  more  unstable.  This  indicates  that  the  solid  may  be  an  oxyj;enuted 
bromine  (ill)  species,  which  arises  as  follows: 


BrOX'Og  + 


fyo^  +  FBrO 


FNO^  +■  FBrO 


X'Og  BrFgO 


Bromine  nitrate  of  improved  purity  is  needed  to  confina  tins. 


CHLORI.NE  FLfORIDE-ARSENIC  ill.'ORIDE  SYSTEMS 


In  the  course  of  examining  potentially  sy'iitheticul  1\  iiseiul  chlorine  oxide 
species,  an  attempt  was  wade  to  study  the  i’eportoii  ClU-AsF..  complex  (Hef.  t’O), 
The  results  of  tiiis  investigation  are  presented  in  Appendix  Ji.  As  11  cor¬ 
ollary  to  this  study,  the  interaction  of  chlorine  1' 1  no ridi's .  iiuludiiig 
Florox.  and  arsenic  fluorides  were  considered  as  rout(‘.s  lo  vulnaljle 
intermediates . 


Reaction  of  Florox  and  Arsenic  Tri fluoride 


The  reaction  of  CIF^O  with  AsF.^  was  studied  us  n  possible  syiulietic  route 
to  either  FCIO  species  (such  as  the  unknown  tlO^Vsl^  )  oi-  other  solid 
species  which  wight  be  I'luorinated  to  produce  or  Cll'.U.  Several 

experiments  were  conducted  ut  different  reucluni  ratios  and  the  foriiiatiiu) 
of  FClOr,,  AbF„,  0,j  and  white  solids  was  noted.  I'lie  presence  of  ClU,,*Asiy^' 
in  the  solid  was  confirmed  both  physically  b,v  infi-uied  spectra  of  mulls 
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and  chemically  by  displacement  of  ClOg  by  addition.  .\n  X-ray  powder 

pattern  of  the  solid  has  lines  due  to  tiO,,'^AsFg~  as  well  as  other  lines 
which  have  not  yet  been  identified.  These  lines  could  coi'respond  to 
species  such  as  ClF^O'^AsFg',  ClF.^^AsF^"",  Cl^AsF^”.  and  AaCl,^^AsF^^  oi'  to 
ClO^AsF^  ,  a  source  of  FCIO. 

A  sample  of  the  preceding  solid  was  fluorinated  at  -7B  C  for  12  days  pro¬ 
ducing  no  volatile  species.  Addition  of  CIF  and  later  C1F_  produced  srotill 
quantities  of  FClOr,  but  no  other  volatiles.  Finally,  the  addition 

to  the  solid  was  repeated  to  determine  if  any  change  had  occurred  us  a 
result  of  the  f luorinutions .  It  was  determined  that  now  no  (’10,,  was 
evolved  but  instead,  Cll’-O  was  produced.  Other  volatile  products  were 
FNO^ 'and  FC10„  which  probably  arose  by  reaction  of  C’li'..U  with  and 

CIO,,.  The  CIF^O  evolved  by  addition  either  caisie  Ifoiii  " o \,\- genu i  ion" 

of  CIF  species  by  from  fluorination  of  the  (’lO,,"^  species,  from 

si.mple  displacement  from  species  such  as  ClF,,U^Asly^~ .  or  I'roiii  fluorination 
of  a  new  reduced  Cl-0  specie.s  (such  as  CIO  ).  In  un.v  ruse,  prior  to  tin' 
F2.  CIF.  and  CIF^  treatment.  displaced  only  (,'10,,  from  the  .solid  wliilo 

after  these  reactions  C1F_0.  FNO,,.  and  FCIU,,  were  protluct'd.  A.s  a  resiili, 

j  2  2  ' 

various  aspects  of  this  reaction  were  studied  both  to  c  I  iicidu  t  e  i|ie  inter¬ 
esting  chemistry  involved  and  to  determine  if  u  new  route  to  (M1_U  wt're 
present . 


To  help  clarify  the  preceding  reactions  in  tlu-  Cl  I'.U-AsF.  sysiein,  rt'aciions 
hefi.een  chlorine  fluorides  (CIF  and  CIF^)  and  aisciuc  fJiiorides  (Aslf,  and 
AsF-)  were  studied.  The  following  reaction  (llel.  2?)  is  the  only  one 
reported  in  the  literature: 


CIF-  +  AsF- 

3  J 


riF,,AslY 
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Arsenic  Pentafluoride-Chlorine  Fluoride 

Aresenic  pentafluoride  was  reacted  with  CIF  with  the  expectation  that  the 
reaction  would  proceed  as: 

AsFg  +  CIF - -  CUsFg 

How’ever,  what  was  observed  was  a  slow,  rather  unusual  redox  reaction  wliich 
appeared  to  follow  the  equation: 


AsF^  +  3C1F - -  ClF^AsFg  + 


For  example,  after  a  13-day  reaction  period  at  aialnejit  temperntiire  usinfi 
equimolar  amounts  of  reagents,  one  third  ol'  the  ('ll’ and  much  oi  ilio  AsF. 
was  recovered  along  with  Cl,,  and  a  nonvolatile  solid,  Ti'eutmeiu  ol'  the 
solid  with  FT«'0^  displaced  CIF^  confirming  tlie  presence  of  the  Cli',,'*^  salt. 
In  a  subsequent  reaction,  a  ratio  of  3-1  riF/AsF_  was  found,  confirming 
the  expected  stoichiometry. 


Arsenic  Tr 1 f luoride-Chl or ine  Fluoride 

The  reaction  of  .\aF_  and  CIF  produced  Cl,,.  .\si'_  and  ;i  nonvu  lot  1 1 1'  solid. 
It  is  apparent  that  the  reaction  proceeds  as: 


2C1F  +  AsF. 


_ - -  AsF,.  +  Cl 

0  5  2 


This  is  then  followed  by  the  reaction  between  CIF  a:id  AsF.  to  yield 


ClF^AsFg  and  Cl„. 
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Arsenic  Tri f luoride-Chlorine  Trifluoride 


Equimolar  amounts  of  AsF,  and  C1F_  were  also  alloved  to  react  to  determine 

3  j 

if  they  formed  a  complex.  ClF.ytsF^.  Instead,  an  oxidiit  ion-rc<luc t  ion  reac¬ 
tion  was  observed  producing  AsF.  and  Cl,,.  AltliouLdi  the  .solid  product  was 
not  examined,  the  stoichiometry  ol'  the  reaction  is  such  that  tlic  folluwini; 
is  proposed; 


3C1F^  +  3i\8F« - -  2AsF.  +  Cl„  +  riF,,\sl^ 


This  suggests  a  possible  overall  reaction  ratio  of; 


3CIF’_  +  5A3F_ - -  tClF.Asl'^  +  Cl,, 

i  j  ‘In  i! 


when  sufficient  ClI'^  is  avuilablc. 


Reaction  of  the  Cll',yisi'^^  With 

"Oxygenation"  of  coni[)l<>\(;(l  CIF^  .species  with  N’,,t),^  be  a  po.s.sihU' 

source  of  CIF^O.  Accordingly,  a  sample  of  ( T  F,  ,.1  s  was  pjepa  r'l'il  from  tlF_ 

and  .\si'_.  Reactions  of  the  .solid  uitli  N'  0,  oroducetl  ('ll.,  ('ll  ,  a  iiare  of 

•j  2  -I  1 

FCIO,,.  and  po.ssibly  ('1,,.  Ihe  overall  re.'iciLoii  thus  aiipeared  to  be; 
t'riF^sly  N',,0,  - -2\0,,A8Iy  +  ('ll  +  ('ll. 


The  production  of  CIF  and  C1F_  .may  arise  as  in  i  he  following  .seiinciiie 


ClF^sIy^  +  \,0,^ - -[cUsF^Jt  2FN0^, 

FN0„  +|c1AsIyJ - -  N'0,,Asly  +  GIF 

ITiO,,  +  ClF,,.A.sF.  - -.\0,^sF.  +  C 1  F_ 
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Fluorinatiou  of  ClO^AaF^ 

A  sample  of  ClOgAsF^  was  prepared  by  reaction  of  FClOr,  and  AsF..  Three 
fluorination  experiments  were  conducted  on  this  salt  to  determine  if  this 
is  a  possible  route  to  CIF^O.  The  runs  were  conducted  for  2-1,12  days  at 
ambient  temperature  and  for  2-1/2  and  2?  days  at  -78  C.  In  nil  cases, 
only  small  amounts  of  CIO^  and  FCIO^  were  produced  as  volatile  products 
in  the  fluorination  reactions.  Subsequent  displacement  reactions  using 
ClFj,  FT'''02  failed  to  produce  any  evidence  for  fluorination 

of  the  ClOg^  species. 


Displacement  Reactions  Using  FNOg 


Excess  FN0„  was  allowed  to  react  with  the  ClF_0-AsF.  .solid  nj'odnct  to  dis- 

2 

place  the  chlorine-containing  species  (perhaps  including  FUlu)  coniplexed 
by  AsF-.  Quantitative  displacements  were  obtained’  on  several  di I'fereiit 
samples.  The  liberated  products  ■u'ere  C1F_0  and  FClO^  (c.a..  utilizing 
0.63  gram  of  solid;  1.76  mmoles  of  C1F.^U,  and  D.^ri  i;niolc  oT  FUlO,,  were 
found;  the  calculated  weight  of  solid  for  1.76  mmoles  ('ll’,,UAsK^.  and  O.'Th  miioie 
ClO^sF^  is  0.63  gram).  Those  data  reveal  thui  tlio  solids  pri’iiaroil  vcmo 
mixtures  of  variable  rniios  of  ClO.yVsF^  and  (UrjU\.slj.  and  roatuinod  no 
ClQAsF^.  The  oxidation-reduction  reaction  ob.sorvod  is  expros.-jod  liy  the 
very  general  reaction: 

xASF.  +  (x-y)  ('ll’_0 - -.visF..  +  yri,,  -  (-^^)  0,,  +  (x-3y)  FCIU,, 

Of  course,  complexes  between  .\sF„  and  FCIO,^  or  t'll„U  are  formed  as  in: 


CIF.O  +  AsF_  - -  ClR.QAslv 

3-0  26 


FC10„  +  AsF 


C10,y\3F^ 
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The  relative  amounts  depond  upon  the  ratio  oi  the  reactants  and  tile  course 

of  the  reaction.  Therefore,  the  CIT^O  found  in  the  initiul  series  of  reac' 

) 

tions  arose  by  displacement  from  the  initially  fonaed  Clf',,!l\sl'j^ . 


Reaction  of  ClFfjQAsF^  Uitli  CIO,, 


In  an  attempt  to  produce  ClatslY,.  CIO,^  was  allowed  to  ronet  wiili  ClF,,ll\.sFj-^ 
in  anticipation  of  the  following; 


2C10„  +  C:iF,,a4sF(-  -7^  L'FCIO.,  +  ClUtslY 


However  it  Acas  detoniiincd  that  when  ClF.,(lIsl_  is  treated  wiili  2  ei|iiivni- 
lents  of  L'lO,.,,  IT10„  i.s  formed  in  slightly  greuiiT  than  u  l;l  s  i  oi  chi  miieti-y 
In  addition.  01^,  and  0,.,  arc  ftrmed  in  tlio  reaction.  On  tlu>  ba.si.s  oj'  ilie 
liberation  of  CIU^.  when  the  resulting  solid  is  treated  witli  1\’(),,  the  fol¬ 
lowing  reaction  appears  to  offer  the  only  logical  sei|ueiice; 


ClI-0 

+  A  si-  - - 

■; 

■  ClF.,0Asl-y^ 

2CIO2 

+  ciF,.a\s 

2FC10,,  T 

CKlA.vl,. 

li 

Gluts! 

6  ^ 

,  — 

— Cl 

0,,,\sF^^  + 

ITIU 

FCIO  T 

■  01 U,,  - - 

FCI  (),, 

+  1/2  Cl., 

,  +  121 

The 

overall  I’eaeii 

on  (CIU,, 

+  1 

1  11, /'A 

sF^^}  may 

be  (•.\pi  1 

3CU)^, 

+  ClF^OA.s 

2FC1U,,  T 

The 

last  reaction 

predic  ( s 

iUl 

FCIO,, 

.  CIO,,  rat 

10  ol  1) 

0.61  and  0.5'i.  It  does  not  appear  likely  tliai  the  salt  ClUIsF^^  A>i  1  1  be 
readily  made. 


U-7149 


CONFIDENTIAL 


ii)(imiiiuiwa.giuiUii|{yicli^|^Dlilli;i'l^  jii'hllhiiiH.vibtlli'iillliliii  '  .-UnitfiL  >1  itii  .•vintuitituKiUllUillllW^ 


CONFIDENTIAl 


A  DIVItlON  or  NOATH  AMERICAN  AVIATION.  INC 


ALKALI  .VETAL  FLL'ORIDE-r:i  0  COfO’I^XES 


The  previously  reported  (Ref.  3)  cesium  fluoride-chlorine  monoxide  complex 
represents  a  new  tj’pe  of  compound.  In  an  effort  to  extend  this  class  of 
compounds,  investigations  of  related  systems  (ClrjO-RbK.  C10,,-CsF.  and 
ClONOg-CsF)  have  been  conducted.  The  stoichiometry  and  structure  of  these 
compounds  are  of  interest  not  only  because  of  their  uiii(|ue  nature  but 
also  because  they  may  provide  insight  into  the  paths  leading  to  tlie  for¬ 
mation  of  oxychlorine  fluorides  upon  f luorination . 

Chlorine  monoxide  in  contact  with  RbF  at  -7H  C  ior  3  duys  could  still  be 
completely  pumped  off  at  that  temperature,  While  this  oul\-  indicates  that 
a  stable,  undissociated  complex  is  not  formed,  it  coiuriists  sliarply  lo  the 
1.5:1  complex  ratio  observed  for  Cl^^O-CsF  under  tliesc  condi  i  ions  .  Tliis 
RbF  sample  was  commercial  material  that  had  been  powdered  in  the  dry  bo.\, 
Other  measurements,  on  this  system  using  "activated"  IlbF  (iu.'^ei!  and  then 
powdered  in  the  dry  'uox)yielded  the  results  shmni  in  Tiililc  10. 

TABLE  10 

\AP0k  PRfSSVPJE  OF  C1,,U  OiLll  Itbl 


I  Tempo rature . 
:  C 


Pure  Cl„0»f 


Pres.sur-  :^  !  l  i meters _  _ 

Cl„0*f  I  i,:l  ,0  over  Hl.F 


•^Ref.  '-8 

The  reported,  pre -sores  are  appro.ximate  due  to  slow  enui  1  j  briuin  and  thus 
it  can  onlv  be  concluded  ihat  complexing  is  very  weak. 
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The  interaction  of  CIO^  and  excess  CaF  vaa  studied  at  -2'5  C  with  no  vapor 
pressure  reduction  noted,  An  experiment  at  -45  C  yielded  inconclusive 
results.  A  problem  encountered  during  this  worli  was  the  nppurent  nlsoi'p-* 
tion  of  ClOg  in  the  Teflon  reactor;  the  absorbed  ClU,,  cannot  easily  be 
removed  by  pumping,  thus  complicating  measurements. 

A  previously  reported  ClNO^-CsF  complex  (Ref.  5)  formation  vns  re-exuniined . 
After  6  days  contact  at  -78  C.  it  was  still  possible  to  recover  all  the 
CINO^  by  pumping.  In  addition,  no  reduction  in  the  vapor  pressure  ol' 

CINO^  over  excess  CsF  was  observed  at  -78,  -64,  und  -45  C.  Again,  a 
deficiency  of  CsF  surface  area  may  be  responsible  for  this  iionreprodnc ihl e 
behavior. 

An  additional  experiment  was  conducted  to  elucidate  tlie  C.sF- 1 . 51M,,U  coni- 

19  " 

plex.  In  these  experiments.  F  n.ra.r.  was  used  to  anuiy/i'  iliis  c()!i'[)le\ 

Ih 

in  both  CEjCN  and  CILN'O.j  at  approximately  -5U  (’.  N'u  I’  ■  icsonnnce  was 
observed,  apparently  due  to  the  slight  solubility  of  ('sF  in  these  sol\-ents. 
No  more  experiments  are  planned  in  the  Cl, ,U-(:sF  .system.  It.  hns  lieen  con¬ 
cluded  that  C10,j  and  ClONO.j  do  not  form  complexes  with  (’.sF  ninl  ihai.  addi¬ 
tional  structural  data  for  CsF-1.5Cl,)0  complex  will  bt'  diri'iculi  to  obiaiii. 


miscelu.veocs  reactions 

Reaction  of  NF-0  and  PI,  Cl 
_ 2 _ 

The  preparation  of  ClNT.jU  was  sought  because  of  iis  potential  utility  as 
a  reactive  source  of  the  ONF,,  group.  This  was  attempted  b>'  reaciion  wiili 
PF^^Cl  through  a  dissociative  reorganization  process. 

.VF,0  +  PF,  Cl - -  NF_0PF.C1  — —  C1NT,,U  +  PF. 

34  2  j  2  j 
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The  preparation  of  PF^Cl  itself  was  only  recently  reported  (Ref.  L’9)  using 
PF-Cl,^  and  SbF,  .  It  was  thought  that  a  simpler  route  would  be; 

j  j 

PF,  +  GIF  - ►  PF,  Cl 

J  h 

Experiments  verified  this  concept,  and  k0=  to  50-perceni  v  ields  wci'e 
obtained  in  minutes  by  reaction  at  -lijil  C  in  Kel-F.  The  by-products  were 
PFjCl^  and  PF^.  It  is  almost  certain  that  increased  yields  could  be 
attained  at  lower  reaction  temperatures  but  sulT'iciciit  raatej'ial  for  the 
present  purposes  was  prepared  in  the  indicated  ninniicr. 

The  conversion  of  NT-O  to  C1NT,,0  was  aiteiiiiited  under  a  variny  of  condi¬ 
tions.  Experiments  were  conducted  at  -80  C.  “1'J6  to  -70  ('  and  also  by 
repetitive  cycling  from  -126  to  -196  C,  with  the  duraiion  varying  Irom 
several  hours  to  several  days.  To  cociplotely  (;onsu-mi'  oiiher  rcactuni 
generally  required  2  days.  No  appreciable  complc.ving  of  the  reactants 
was  detected.  Trifluoramine  oxide  was  completely  stripped  oi  its  lluorinc 

and  the  PF, Cl  converted  to  PF_.  Thus,  tlie  reaction  did  not  lake  the 
u  .> 

desired  course  and  only  resulted  in  the  slow  J'luorina  i  i  on  nl'  I'1'',^G1  ; 

NF.O  +  2PF,  Cl  - ►Cl,,  +  Pl'_  -  xOPF 

0  -'i  2  )  0 

.\t  higher  leroperatures  .  the  observed  course  ol  this  1  1  nor  i  na  L  i  on  ilill'crod 
only  slightly  as  indicated  below: 

2NT,0  +  pPF,  Cl  - -201,.  +  CiN’O  --  'd’F.  +  NOPF- 

1  I  2  )  U 
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RFari  inna  i.f  C  i -F  fttid  N-0  Spccit>» 


Several  vigorous  reactions  of  Cl-F  (CIF^/FCIO^  mixtures )  nmi  S-0  (N,,0,^. 
NgO-  mixtures)  species  wore  found  to  give  rise  to  nii  unluiuwii  volatile  com¬ 
pound  as  indicated  by  unidentifiable  infrared  absorbances  at  ailerons 
(NeO?)  and  9'7  microns  PIJR  (C1=0?).  It  appeared  the  compouiui  iiiiiiht  be 
O^ClONOg.  Purification  of  the  material  was  not  a:  liievcd  because  of  its 
continual  decomposition,  Several  synthetic  approaches  were  rlien  examined 
as  possible  means  of  preparing  this  compound. 


FCIO,,  +  HXO^ 


HF  +  O^CIOKO,, 


FC10„  +  K^O.  - ►  FNO,,  +  0,,C10NO,, 


2FC10,,  +  Pb(NO^),, 


PbF„  +  20„ti0N0, 


All  these  reactions  failed  to  produce  the  unknown  or  ans-  otiici'  new  .’iiaterial 
Only  mixtures  of  Icnoint  Cl-0  and  N'-O  degradation  products  wero  observed. 
Because  no  simple,  reproducible  method  was  found  for  the  sxiUhosis  of  this 
unknown  mn.erial,  and  because  it  has  only  been  observed  in  trace  iiiianti- 
ties,  a  concentrated  effort  to  determine  its  eiiaractcr  wus  not  cons idctiMl 
feasible.  Further  synthetic  efforts  were  suspended. 
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EXPEHIMEVTAL 


ULTflA\^OIi:T  IRRADIATION' 


Cells 


Mp- 


Initial  irradiations  and  apectrophotometri t  data  were  oluniiieil  with  cells 
having  a  path  length  of  10  centiaetcis  fabricated  from  l-iiuii-OD  nickel 
tubing.  The  windows  were  0.02-inch-thick.  l-inch-diameter.  iil  U  aviolet- 
grade  Linde  sapphire,  and  appeared  completely  unaffected  by  the  reactants 
used.  The  windows  were  held  in  place  with  flanges  and  Tel'lon  0-rings. 
Hoke  .Md82.M  Monel  bellows  valves  were  found  sa  t  i  s  iaci  m  y  as  lell  closures. 


An  additional  cell  with  a  sapphire  window  at  oni'  end  only  was  also  fabri¬ 
cated.  It  could  be  cooled  during  irradiation  by  immersion  in  a  suitable 
cooling  bath  and  provision  was  made  for  blowing  diy  nitrogen  past  '.he 
window  to  prevent  fogging  by  atmospheric  moisture,  llecause  the  window- 
opening  was  0.66  inch  in  diameter  and  the  lenirth  ol  the  lell  7.”  inche.s, 
only  a  small  percentage  of  the  available  radiation  reacliod  the  reactant. s. 
Therefore,  a  new  stainless-steel  cell  was  built  with  a  'i-i  iioli-diame  tor 
ultraviolet-grade  sapphire  window  (thickness:  O.lL’l  inch).  1  he  ceil  had 
a  window  opening  of  5.7  inches  and  a  depth  of  L’.h  inclios.  Tlie  amount  of 
radiation  reaching  the  reactants  was  greatly  increased  as  a  result  of  the 
much  larger  window  area  and  shorter  length.  Copper  coils  wore  soldered 
to  the  cell  walls  and  bottom  so  that  the  coll  could  be  cooled.  An  auto¬ 
matically  controlled  circulating  methanol  system  has  been  used  to  main¬ 
tain  cell  temperature  within  3  C  of  the  set  temperature  which  i.us  contin¬ 
uously  variable  from  room  temperature  to  at  least  -6U  C.  Fogging  of  the 
window  was  prevented  by  circulating  dry  nitrogen  between  the  sapphire  win¬ 
dow  and  an  additional  window  placed  above  it. 
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y l travi 0 i e t  Source 


Work  was  conducted  with  a  Hanovia  utility  lajnp  \o.  306U0  (pover  input  = 
100  ■Vi'atts)  with  the  protective  housing  removed  to  move  tlir  lump  as  close 
as  possible  to  the  cell. 


■Materials 


The  materials  used  arc  described  in  Ref.  0  and  y.  Pui‘ificati(Hi  of  FC'IU,, 
was  cairicd  out  by  pumping  off  the  Cl^  impuritj  while  liuldiug  the  I'lUt),, 
at  -78  C.  The  chromatographic  purity  of  the  colorless  liipiiil  teas  bettor 
than  99-9  percent.  The  CIO^F  v&s  purchased  from  Pcniisult.  Tlu'  FIF  vas 
prepared  by  corona  discharge  from  Cl,,  and  F,,  and  pnril'iiMl  by  1  l  act  i  onai  i  on , 

COnON.4  DISCHARGE  ACTIVATION 

The  apparatus  previously  used  for  corona  disclturgo  ovpoiiraonis  (Ref.  l) 
was  also  employed  for  this  work.  The  "Largt!  tius  lionc  i  iir”  (Fiu.  'i ,  lioi.  3)’ 
which  was  i.nmiersed  in  n  -78  C  bath  during  tlic  expoi  ii.ien  ts .  was  suppliml 
with  energy-  from  the  Aud  lo-Frequc-ncy  Pulse  Generator  (lh>f.  1.  !■  1 1: .  M). 

The  generator  was  modified  for  higher  pulse  repetition  rates  as  a  means 
of  increasing  energy  output  by  decreasing  the  indue  tain  e  ul  the  u.17  11 
choke  to  23  inh  or  <>7  mh.  selectable  by  means  of  an  added  swiieh.  The 
trigger  generator  was  modified  to  cover  a  range  of  33  to  'lUUtJ  Hz  by  chang¬ 
ing  the  0 . 01 -mi  crofarad  capacitor  to  0.003  micro  larttd  .  A  Cenro  79801) 
induction  coil  was  used  to  generate  the  high-voltage  (inises. 


52 


COKFIDENTIAL 


R-7149 


WOCACB'm'vrvB  •  a  oivuion  or  mouth  AktcKiCAN  aviation  inc 


Hl-AtTlON  OF  CIF.O  and  HNP„ 

J  2 

A  prepRisivatcd  Kel-F  container  fitted  with  a  Teflon  valve  was  used  to 
avoid  the  incompatibility  of  CIF^O  (and  generated  ILF)  with  glass  and 
with  metal.  Florox  (30  cc)  was  first  condensed  in  at  -i'Ki  C  I'l'om  the 
metal  vacuum  line  and  then  HNP2  (29  cc )  was  condensed  in  I'roni  the  glass 
line  at  -142  C.  The  reaction  t.'as  then  allowed  to  proceed  ut  a  higher  tem¬ 
perature  for  several  minutes  prior  to  fractionulioii  on  the  metal  line. 

All  the  HNF^  was  converted  to  an  approximately  2:2;  1  mixture  of  .VF^O. 
ClNFg,  and  .  When  the  CIF^O  to  HNF^  ratio  was  greater  ihaii  approxi¬ 
mately  1:2.5,  unreacted  CIF^O  was  recovered.  Some  I'CiO,,  was  found  and 
probably  arose  from  decomposition  of  CIF-U  in  incompletely  pussivaieil 
parts  of  the  line.  Very  minor  quantities  of  C1F_  were  observed  and  imiy 

indicate  a  .secondary  reaction  path  throgh  oxygen  alistraciion  i  rom  ClF.t). 

') 

WTien  the  reaction  was  conducted  at  -112  C  with  CIF.O  (27.5  (c)  and  lEsT',, 
(36.5  cc).  only  75  percent  of  the  total  N'F  product  mixiu.vo  wus  removed 
after  15  minutes  pumping  at  that  temperature.  The  remaining  25  percent 
was  obtained  on  warming  the  reactor.  An  utiempi  was  made  to  confirm  this 
indication  of  a  1  ow- tempera  lure  complex  l)Ut  was  unsuci  es.-i  fu  1  .  Ise  oi'  an 
even  lower  temperature  v.ill  be  attempted  but  the  very  low  vapor  |,i-e.ssiire 
of  HNFg  at  1  ower  temperature  may  cause  contact  problems  because  Innh 
reactants  would  be  solid. 


REACTION  OF  ClF-0  AND  FCO.VF., 

P  2 

Florox  (55.5  cc)  and  perf luoroformamide  (46  cc )  were  reacted  in  the  hel-F 
container  for  15  minutes  while  warming  to  -0  C.  .4  small  a.^omit  of  iioncon- 
densables  was  observed.  Based  on  2  moles  of  FCONT.j  reacting  with  1  mole 
of  ClFjO,  the  yield  of  .N'F^O  was  ‘21  percent.  The  major  NF  products  were 
CliNFg  and  FCONT.^  was  recovered,  conversion  to  COF,,  bring  complete. 
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Iodine  pcntaf luoride  and  excess  F,  were  heated  at  130  P  in  Monel  or 
stainless-steel  cylinders  for  several  hours.  Conversion  to  1P_  was  nearly 
quantitative.  Rough  purification  was  achieved  by  vacuu^n  h'ac  1 1  ona  t  i  nti . 
Small  .samples,  containing  barely  detectable  amounts  of  lOF-  and  no  111' 
after  KP  treatment,  exhibited  u  vapor  pressure  of  *60  iniii  at  0  (’  compared 
to  the  literature  value  of  3’i5  min  (Ref.  13).  .''lass  spectral  .moasiiremciits 
and  vapor  density  indicated  no  additional  impurities. 


PREPARATION  OK  IF.O 
■? 

Iodine  heptaf luoride  and  i*,\ce3s  SiO,,  (Cub-O-Sil)  tsorc  reacled  m  stainless- 
steel  cylinders  overnight  at  ambient  temperature.  Most  nf  Uie  liy-pi'odiiet 
SiF^i  vas  removed  by  vacuum  fractionation:  the  final  Iran's  along  willi  any 
I£F  were  removed  by  comple.sing  with  KF.  This  maU'i  inl  was  piii'e  by  all 
measurements.  Because  of  the  wide  discrepancy  bctwi'eii  tlic  observed  and 
the  refiorted  (Ref.  I3)  vapor  pressure,  the  vapor  pre.ssure-t.oiiijiora  1  lire 
relationship  it'as  redetermined.  The  observed  data  and  derived  ciiuaiioii 
are  presented  in  Table  11. 

LUILE  li 

VAPOR  PRESSLllE-TEMPEUXTnu;  DALi  FOR  IP_U 


Tempera  turc , 

Observed  Pressure, 

Calculated  Pressure, 

C 

urn 

uim 

-78.1 

3 

2.  MO 

6 .  h 

At) 

A  3.0 

“22  7 

2P8 

230 

-10. '1 

At)A 

'i70 

0.0 

82A 

818 

log  p  =  8 .  OH73  -  l(>3h.  ’i  T 

TTTm 
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P\HOLYSIS  OF  IF^O 

5 

A  cylinder  conUining  IF^O  was  attached  to  a  straight  stainless-steel 
(30  inches  long.  12-iuch  heated  zone)  tube  passing  through  a  furnace  and 
then  connected  to  n  Teflon  I'-trap  and  the  vacuiuu  line.  The  tube  w-as 
heated  to  test  tempera  lure  and  {wssivated  with  C1F-.  Vlicn  chlorine  o.xides 
wore  no  longer  generated,  the  system  was  completely  pumped  down.  The  IF^O 
cylinder  w^as  cooled  to  —7^  C  and  the  U— trap  was  cooled  to  —196  C,  Con¬ 
tinuous  pumping  was  maintained  and  a  flow  of  IF^O  was  begun  (calibrated 
rate  =5.5  ec/rain),  Separate  flow  experiments  were  of  20  to  30  minutes 
duration. 
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APPENDIX  A 


A  NE\»'  SYNTHESIS  OF  CHLORINE  NITILUE 


Carl  J.  Schack 


Previous  methods  I'or  the  preparation  of  chlorine  iiilriite  involved 

the  reaction  of  eithei  Cl^O  or  CIO,,  i>ith  NO,,  or  N,, 0. . '  iu  r  u'cu.’n\'ent  the 

k  ti  J  J  ) 

(l)  (a)  H,  Martin,  Angey.  Chem.,  70.  97  (19jH).  (b)  M.  Sclmieisser , 

Inorg.  Syn..  £.  127  (1967)7 

the  use  of  these  hazardous  chlorine  oxides,  u  nov  route  to  ilii.s  corapouiul 
was  sought  as  indicated  by  the  following  eciuution. 


GIF  +  HNO, 


CINO^  +  HF 


It  has  been  found  that  this  reaction  constitutes  a  rapid  and  conven¬ 
ient  synthesis  of  chlorine  nitrate.  The  reaction  occur.s  on  contact  of  the 
CIF  with  solid  HNO-  in  85  to  95  percent  yield.  The  product  CINO.  was  puri¬ 
fied  by  vacuum  fractionation.  The  vapor  pressure  was  'tieasured  over  a 
considerably  broader  range  (-80*^  to  26°)  than  tliat  in  the  literature 
(-70°  to  -25°).  The  temperatures  and  vapor  pressures  are;  1  limi ; 

-63.9°.  6  mm;  -46.2°.  22  mni;  -25.9°  75  im;),  0.0°.  302  eu;i:  13.0°.  526  nini; 

and  26.1°.  866  mm.  The  vapor  pressure-temperature  relationship  is 

described  by  log,_.p  =  7 . 9892-1 509 .4 /T . 

i  U  mm  ' 

Chlorine  nitrate  has  a  b.p.  oi  22.3^  (vs.  iiterature  o.\trapolati cn 
of  18°)  with  a  heat  of  vaporization  of  6.9  kcal.  mole  and  a  Trnutoii  Con¬ 
stant  of  23.4.  The  compound  is  stable  in  metal  svstems  after  pretreatmon i 
with  some  CINO^ .  Long-tenn  storage  in  metal  or  glass  at  a[)pro.\iiuately  -40° 
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has  not  resulted  in  any  significant  decomposition.  Lnlilit’  and  the 

(2)  W.  Kwasnik,  "Handbook  of  Preparative  Inorganic  CheKisitry,"  G.  Braiier 
Ed.,  Vol.  I,  Academic  Press,  N'ev  York,  S' .Y , .  19(>3.  p.  l!?9. 

chlorine  oxides,  no  explosive  incidents  have  been  e.xperienccd  vith  GlSOw. 


Id  be  handled  vith  care  in  the  absence  of 


aen.jitivity  test  rep  1 


Experimental 

Chlorine  nionof luoride  arid  ncminally  anhydrous  1ING_  (approximately  ‘)S 
percent)  vere  separately  condensed  at  -196°  into  a  siatniess-stccl  or 
Kol-F  cylinder  attached  to  a  metal-Teflon  vaciuuu  line.  The  rvlindci  was 
closed  and  the  teraperatare  vus  changed  to  some  higher  t  onstant  1 empera  uiro 
in  the  range  -112°  to  0°.  The  reactor  vaa  then  held  iU  -7B°  and  the 
product  vas  pumped  out  rapidly  and  trapped  at  -93°.  Little  or  no  HE  vas 
removed  from  the  reactor  in  this  manner  as  evidenced  by  ihe  I'liilure  to 
generate  SiFj^  vhen  the  product  vas  subsequently  handled  in  glass.  Some¬ 
times  HF  vas  removed  by  alloving  the  products  to  .stauil  ovi'r  Nal'  lor  a 
period.  The  identity  of  the  product  vas  estubl  i.shed  b_v  its  inlrared 
spectrum^  and  molecular  veight  fro.m  \-apor  density  rieasureiooin  s  Vapor 

(3)  K.  Brandle,  M.  Sclmieisser  and  W.  l.uttke.  ('hem .  Hci'^.  UY.  2101)  (lOhO). 

phase  chromatography,  using  a  column  packed  with  lol  v  of  I[alo(arhon 

Oil  4-llV  and  Kel-F  low  density  molding  povdor  aceonling  to  Hayan  and 

h  . 

Neale  gave  an  analysis  of  ('1N0_.  OB.’i'V;  FI  j.  l.fil.  loi  the  puiqio.sc  of 

(9)  V.  H.  Dayan  and  D.  r.  Neale.  Advances  in  Cliemislrv  Sene,-,  No.  I’l, 
-Ymerican  Chemical  Society,  Washington,  D.  C..  lubfi,  p.  223. 

determining  the  stoichiometry,  the  more  accurately  laeasurabl e  (11  was  used 
as  the  limiting  reagent.  Typically.  11.9  mmoles  of  Cl)  vas  reacted  vith 
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I  ^  11  tmfn  1.1.,!  niaiHnH  in.fi  asnoles  of  CINO.  (89  pef- 

approxxniBx.eij'  luiiionis  /*>•*• - j  ^  . 

cent).  In  an  alternative  procedure,  the  HXO^  Vi-as  maintained  at  -78  while 

CIF  gas  was  gradually  admitted  to  the  reactor.  UTien  the  pressure  ceased 

to  drop,  the  reaction  was  complete.  Worhup  was  as  above.  The  synthesis 

has  been  successfully  conducted  on  a  scale  of  several  liters. 


AcLcnowledgement.  This  work  was  supported  by  the  Office  of  Naval 
He  search,  Power  Branch, 
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A  HEDOX  reaction  of  DICRLORINE  oxide  with  AJtSENIC  PILVIAEirOniDE: 
AN  L^TSFAL  SYNTHESIS  OF  ClO^AsF^ 


C.  J.  Schaci:  and  D.  Pilipovicli 


Dichlorine  oxide  (or  chlorine  oonoxide)  lias  been  reporti'd  to  lonii  a 
complex  with  AsF_  at  -78*^  and  at  about  -50*^  formed  an  odd  inoLcculc, 
ClQAsF_.  through  elimination  of  Cl^.  Inference  of  the  structure  us  boiiid 

(l)  M.  Schmeisaer,  W.  Fink  ard  K.  Drandio,  Aiiijev.  Choiii.  60.  7^0  (L^OT)- 

the  postulated  odd  molecule  \*afc  dratiti  from  the  observed  react  '  ini  stoichi¬ 
ometry  and  the  fact  that  the  postulated  odd  moli'cnle  reacted  witli  NO,,  to 
give  CINO^, 


We  were  intetested  in  studying  various  aspects  ol  the  proposed  odd 
molecule  particularly  us  a  ready  source  of  the  CIO  radical.  However,  we 
felt  that,  prior  to  utilizing  ClttAsF.  as  an  iiitcrineiliaie,  a  wore  complete 
characterization  itus  in  order. 


Experimcniii  1 

■Materials .  Chlorine  monoxide  was  prepared  I'l-fmi  and  .tel  lea.-  lltrO 
using  a  modified  procedure."'  Arsenic  pentai'liinride  was  purcliased  I'lniii 

(2;  C.  J.  Schack  and  C.  B.  Lindahl,  Inorg,  tind  Nncl,  I'licm.  Letters, 
in  press. 

Ozark-Mahoning  and  used  without  pur  i  f  icat  io:i  alter  ga.s  chroma  loirvaphy 
indicated  a  purity  of  better  than  90.5'^-  Cliloryl  1  Lnoride  was  prepared 
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frars  KCIO^  and  uiui  purified  by  fractional  condensation.  S’itroiien 
(j)  A.  Engelbrecht.  Angcv,  Chcm..  66.  'tAli  (I'ljn). 

tetroxide  vas  purchased  from  the  .'latheson  Co.  and  purified  hy  fraciionaJ 

.1,’ 

condensation.  Phospiiorus  dichloridc  trifluoride  vas  lUrmeii  frum  PK_  and  Cl,,. 

(h)  R.  R.  Holmes  and  W.  P.  Gallagher,  Inorg,  Chrtu..  ’i”")  (lIXil). 

Apparatus .  Experiments  were  conducted  in  two  vacmuii  s,\stenis.  one 
constructed  of  glass,  the  other  of  stainless  stoel-Tef Ion,  Solids  were 
handled  in  an  inert  atmosphere  glove  box.  Infrared  ..spectra  vei'e  lakeii  on 
a  Perkin-Elraer  157  Infracord  using  5-coi  gas  cells  lined  wiili  AgCl  windows 
or  Ikilocurbon  oil  mulls  between  .AgCl  plates.  Debye-.Stdieirei'  powilcr  .V-iu.v 
diffraction  patterns  were  ohtjiined  with  a  G.  E.  .MID"  insinmicni  using 
CuKo  radiutiun. 

apor  phase  chroitiutography  of  reactants  and  iirodiic  i  s  wa.s  carried  out 
01.  a  coluDiii  packed  with  uG'!-  w, 'c  o  i'  Halocarbon  Oil  and  Kt.'l-l'  1  ow 

density  molding  powder  according  to  Dayan  and  \culc.^ 

(,5)  V.  H.  Dayan  and  n.  C.  Neale.  Advances  in  Clioniisiii  Scries.  No.  5'i. 
American  Chemical  Society.  U'ashinglon.  D.  19G6.  p.  '_’25  . 

Reactions  oi'  C1,,0  and  As!..  Measured  (|iiiui  i  i  l  i  cs  of  ('l,,l)  (117  . 

5.1212  mmoles)  and  Asl-  (85.  D  cc.  5.79  mmoles)  were  separuiely  conilensed 
into  the  reactor  (glass  or  Teflon  tubes)  at  -inti*'.  The  i  eiiiiie  rat  ui  e  was 
changed  to  -78°  and  it  was  ob..;erve(l  that  the  mived  reaeianis  giadiiullv 
developed  a  dark  red  color.  Pumping  on  the  iiuMure  after  a  lew  hou(.s  at 
-78°  resulted  in  the  recovery  of  some  of  tlie  starting  material.^  and  much 
Cl^.  Subsequent  warming  of  the  reaction  to  ambient  lempcrature  gave  adili- 
tional  small  amounts  of  gaseous  materials  and  a  while  solid.  Little  oi'  tio 
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-19^j  non-condenaable  gases  were  observed  throughout  the  reaction,  In 
all,  111  cc  of  volatile  products  were  ubtaitied.  Infrared  and  gas  chro¬ 
matographic  analysis  indicated  these  products  to  be  a  mixtui'e  of  AsF. 
(17.5  cc,  0.78  mmole)  and  Clg  (93.5  cc,  4,17  mmoles)  with  a  trace  of  CIO,, 
and  no  ClgO.  The  observed  reactant-product  ratio  of  Cl.jUiAsF-iCl,,  wus 
5 . 00;2 .89 :4 . 01  .  Similar  reaction  ratios  were  obtained  when  Cl,,U  itas  used 
as  the  excess  reagent.  The  solid  product  showed  two  inirnred  bunds 
1280  cm  ^  (m,  doublet)  and  690  to  700  cm  ^  (s,  liroad).  based  on  the 
observed  stoichiometry  of  the  reaction  and  the  knovii  infrared  Ireijuoncies 
of  Cl-0^  and  Asf^  compounds,  it  appeared  the  solid  might  be  principally 


(6)  E.  A.  Robinson.  Can,  J.  Chem..  41 .  3021  (l9(ii), 

(7)  R*  Peacock  and  D.  Sharp.  J ,  Chem .  Soc . .  2766  (19'”‘d). 


ClOgAsfg.  Accordingly,  an  authentic  sample  was  prepared. 

Preparation  of  C10,yi3F^.  Chloryl  fluoride  (ill  cc.  4,96  mmoles) 

and  AsF^  (63.7  cc.  2.84  mmoles)  were  separately  condensed  ij)to  n  Teflon 

ampoule  at  -196°.  After  1  hour  at  room  tempo  rut  ure .  the  tinreacied  gases 

were  removed  and  measured  (48.0  cc,  2.14  mmoles).  An  infrared  siiectriun 

showed  only  FCIO^.  The  white  solid  product  had  an  inl'ruied  spectruni 

identical  to  that  of  the  solid  from  the  Cl  ,U-Asl'_  reaction.  In  addition, 

2  p 

both  solids  fumed  in  air  and  exploded  on  coiiuict  wiili  waier.  Powder 
X-ray  patterns  of  both  solids  were  obtained  and  were  ideniical.  The 
observed  spacings  and  relative  intensities  are  given  in  Table  i. 


Reaction  of  C10,,AsFj-^  and  NOg.  Weighed  amounts  ol'  ri(),AsF^-^  and  exce.ss 
NOg  gas  were  reacted  for  1  hour  at  0  .  The  expected  d  1  si> lacenient  of  OIU,, 

(8)  M.  Schmeisser  and  W,  Fink.  Angew.  Chem.,  69 .  780  (1937). 

was  achieved  but  in  poor  yield;  20‘(  for  the  solid  from  the  C1,,U  reaction 
and  “35%  for  the  solid  from  the  FCIO,,  reaction. 
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TABLE  1 

X-RAY  PONDER  DIFFRACTION  tATA  FOR  Cl(),^aF. 
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the  PF^Cl^.  a  strong  inl'rareil  absorber,  remaiin'd,  llie  li\ -|iitmIiu' t  (.1, 
\t-as  revealed  by  its  color  vhen  frozen.  So  iioii-vola ti  Ic  solids  were 
observed . 

Results  and  Discussion 


The  reaction  of  C1,,0  with  AsF_  does  not  give  the  odd  molecule  ClOVsI''. 

H  !}  J 

but  gives  instead  the  salt  ClO.yVsF^.  Further,  the  reaction  appears  to 
follow  the  stoichiometry  shown  in  equation  1 ; 


5C1.,0  +  3A8F-  - -  2C10./sF^  +  YCl,,  +  AaOF_ 
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ihe  reaction  stoichiometry  does  not  appear  to  be  dependent  on  the  experi¬ 
mental  reactant  ratios.  The  formation  of  ClO^VsF^  vas  confirmed  by  pre¬ 
paring  an  authentic  sample  and  comparing  their  X-ray  patterns 


FCIO^  +  AflF^ - -  ClOgAaF^  (o) 

In  the  reaction  of  Cl^O  with  AsF^.  the  evolution  of  Cl,,  apparently  involves 
a  much  more  complex  process  than  a  simple  Cl-0  bond  rupture.  The  equation 
reported  for  this  proces*  at  -50°  is  shovii  in  equation  3: 

Cl^O-AsF- - -  C1Q1bF_  +  1/2  ri,_,  (3) 

We  would  prefer  to  propose  an  initial  step  that  inicf.i  an  ionization  of 
C1,,0.  i.e.,  an  ionic  complex  is  ohtained.  [)erhaps  C10*AsF_Cl~: 

Cl^O  +  AsF.  — —  CltAsF_Cl  (/,) 

The  oxidation  of  the  CIU"^  species  could  then  proceed  with  additional  01, ,0: 

C1,,0  T  ClQAsF-Cl  - -  C10„AsF_Cl  +  Cl,,  (3) 

This  step  (equation  )  should  not  be  considered  unusual  inasmuch  us  nLher 

chlorine  oxides  are  capable  of  redox  (e.p..  CIO  niies  some  Cl  1)  on 
9  2  2  (1 

photolysis  ). 

(9)  H.  J,  Schumacher,  and  G.  Stie/.er.  L .  Phy  s  1 K .  Cheni .  .  37,  'jb"  (1930). 


The  most  difficult  rationale  is  the  formation  of  the  AsF^~  in  the  reaction. 
Admittedly  a  multiplicity  of  diverse  reaction  sequences  could  be  proposed 
most  of  which  would  be  difficult  to  experiinenla  1  iy  verify.  One  pos.sible 
path  offered  involves  the  di.ssociation  of  C10,y4sF_Cl  into  its  components 
with  the  subsequent  reactions  noted: 


tt 
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ClO./sF^Cl  - -  FClOg  +  AsF^Cl 


2A8F,  Cl 

4 


A8F,C1^  +  AaF_ 

J  2  3 


AsF„  +  FCIO^  - -  ClO^aFg 

AaF^Cl^  +  ClgO  - -  AaF^O  +  2C1„ 


It  is  readily  seen  that  the  sutr  of  equations  -i  through  9.  suitnbly 
weighted,  gives  equation  1. 


The  identity  of  AsOF,  was  not  established  as  a  product  since  it  is  a  non- 
10  ^ 

volatile  X-ray  amorphous  solid.  In  addition,  we  did  not  wish  to  I'lirther 

(10)  K,  Dehnicke  and  J.  Wledlein,  Z.  Anorg,  allg,  cher.i..  3''i2 ,  ~'2j  (I9<>fj). 

complicate  matters  by  studying  the  reaction  of  AsF-Cl,^  with  Cl.^O  as  a  test 

of  equation  8  inasmuch  ns  AsF-Cl-  "goes  ionic"  and  is  formulated  a.s 
+  -  11  ^ 

AsCl^  feel,  however,  that  a  suitable  test  ol'  iM|uatiiin  8 

(11)  H.  .M,  Dess,  R.  W,  Parry,  and  G.  L.  Vidall,  J.  .Air.  Chem.  8oc. .  T^,- 

5730  (1956). 

would  be  the  reaction  of  PF_C1,,  and  Cl.,0.  Indeed,  tlir  rnpid  conversion 
of  PF_C1..,  to  P0F_  and  Cl.,  as  in  equation  10: 

PF^Cl,,  +  C1,,U  — ^  POF^  +  2C1„  (lUj 

strongly  suggests  that  "covalent"  AF^Cl,,  would  react  .«inii  iarly .  Ihe 
reaction  conditions  are  such  that  the  reorganization  of  AsF,^(-'l.  postulated 
as  an  intermediate  in  equation  6.  would  give  initial  ly  the  co\-nlent  structure, 
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The  initial  report  on  the  preparations  of  "CKAaFp"  did  offer  the 

1 1 

reaction  of  NO  aa  a  proof  of  the  radical  present": 


ClCAsF,  +  2N0, 


^  +  2NO2 - -  NOgAsF^  4  CINO^ 


The  existence  of  NOgAaF^  has  already  been  questioned  seriously  and  appar¬ 
ently  disproved^-.  Further,  the  formation  of  some  CINO.  should  be  expected 

(12)  S.  I.  Morrow  and  A.  R.  Young.  Inorg.  and  Nucl .  Chem.  Letters.  2, 

3'i9  (1966). 

from  ClO^sFg  and  NOg  inasmuch  as  the  reaction  of  ClOg  and  N'O^  gives 
CINO^^^.  It  is  quite  likely  that  the  reaction  observed  by  Schmeisser  ej.  ai . 

(13)  H.  Martin  and  Th.  Jacobsen,  Angev  Chem..  67,  32k  (l955)- 

was  the  initial  displacement  of  CIO^  from  ClO^sF^^  by  NO,,  followed  by  a 
reaction  of  CIO,,  with  NO,,,  the  overall  reaction  being; 

C10,/.8Fg  +  2NO2  - -  N0„AsF^  +  C1N0_  +  1/2  0„  (l2) 

Except  for  the  formation  of  the  oxygen,  the  reaction  in  equation  12  has 
the  same  stoichiometry  of  NOr,  to  "solid"  as  ^hat  reported  in  equation  11. 
Thus,  the  proof  of  "ClCAsF-”  through  its  reactions  or  its  synthesis  is 
not  conclusive. 


Summary 


The  action  of  C1„0  or  AsF_  does  not  give  the  odd  molecule  C1(1V3F_  as 
2  9  3 

has  been  reported  in  the  literature.  Instead,  the  salt  ClOgAsF^  is  obtained, 
A  rationale  for  the  formation  ol  the  ion  was  offered  and  involves 

reorganization  reactions  of  arsenic  chlorofluorides . 
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ated  reaction  of  FClOo  and  FCIO5.  In  the  presence  of  I'2,  ClFj,  or  C1F-,  FCIO2 
gave  CIF^O  in  high  conversions  and  high  yields.  The  same  techniques  were  not 
successful  in  oxidizing  CIF5O  to  CIF^O  or  BrF^  to  BrF-^ .  There  is  considerable 
evidence  that  FCIO  is  an  intermediate  in  the  synthesis  of  ClF-0  by  ultraviolet 
activation.  Corona  discharge  activation  of  FCIO2-F2  did  not  result  in  C.'F-O.  A 
stable  mass  cracking  pattern  for  ClF-rO  was  obtained  with  the  must  prominent  pealss 
assignable  to  ClFO'^  and  C1F20^-  The  F^^  n.m.r.  spectrum  of  gaseous  CIF-U 
revealed  two  bands  at  -276^  and  -317<p  ■'*'ith  respective  ratios  of  2  and  1.  These 
bands  support  the  proposed  C  symmetry  for  CIF-^O.  Novel  processes  were  dis¬ 
covered  for  forming  NF-rO  at  low  temperature  from  CIFtO  and  HNFo  or  FC0NTr>.  .Mass 
cracking  patterns  of  IF-j  and  IFeO  were  determined.  The  vapor  prcs-ure-ieiuperatun 
equation  for  IF-0  was  determined  as  log  p^n,=8 . 987'*- 1639 ■  •  Pyrolysis  of  IF.O 

yielded  an  unidentified  volatile  material  which  may  be  a  new  IF  0  compound. 
Reaction  of  IF_0  and  HNT,  yielded  FNO  and  N'oF^  as  o.xidation  products.  A  new 
method  for  the^eynthesi3‘'of  ClNO-i  was  developed  using  CIF  and  HNO-..  X  similar 

_ _  j.  • _  _  r*  _ ]  rrt.T/\  _  i  ? _ .•  j._j  _ _ _ j...  _r*  _j.! _ _/» 


reaction  of  BrF-  and  HNO,  gave  limited  amounts  of  BrNO,.  Fluorination  of  BrNO- 
gave  a  new  solid  of  the  type  N02BrFjjO.  The  solid,  NOoBrFi^  -w&s  characterized. 
Reaction  of  ClgO  and  AsF-  gives  principally  C10.>AsFg  which  was  characterized. 
0.-".ychlorine  trifluoride  aid  not  ionize  in  BrF^  or  IF-.  The  reaction  of  C1F,0  and 
sF^  produced  CIFqQAsF^  and  ether  products  invol /ing'^redox  reactions.  Similar 
redox  reactions  were  encountered  in  other  ClFx-AsF^  5  systems.  livdrolvsis  of 
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raport  by  DDC  la  not  auihorliaE" 

(3)  "U.  I.  Oovarnmant  aganela*  may  ebtiln  copiai  af 

thla  report  dlroetiy  from  DDC.  Olhor  qualified  DDC 
Uioro  ohoJI  roquotl  through 
^ _  1 1 

(4)  ‘*U,  I.  mllltory  igonclo*  may  obtoln  eoploo  of  Ihll 
report  dlroetiy  from  DDC  Olhor  quollflod  uiora 
ihill  roquoit  through 

U 

(I)  "All  dliUlbutlon  of  thi*  report  I*  eentrolloB  Quol¬ 
lflod  DDC  uoor*  ihtll  roquoit  through 

If  th*  raport  hot  boon  furnlihod  lo  Ih*  Offlc*  of  Tochnlcol 
■orvlcoi,  Doporlmont  of  Commirco,  for  ail*  to  th*  public,  indl- 
cot*  Ihl*  foci  ind  onto*  th*  prico,  if  knowiu 

tU  lUP^LBMBNTARY  NOTEI:  Ut*  for  additional  aaplana* 
lory  notai. 

U  EPONIDRINO  MILITARY  ACTIVITY:  Era*- tha  name  of 
Ih*  departmental  prejtcl  offlc*  or  liberotory  aponiorlng  fpty- 
Ind  for!  Ih*  roooorch  ond  dovolopmint.  Include  tddroii. 

13-  ASITRACT:  Bnior  on  abotroct  living  a  brief  and  factual 
aummary  of  the  doeumant  Indlcaiiv*  of  tha  report,  even  though 
It  may  alae  appear  ateawhar*  in  the  body  of  th*  technical  re¬ 
port.  If  additional  aptc*  la  required,  a  continuation  ahaat  ihall 
b*  aitachad. 

It  la  highly  daairabt*  that  the  abatract  of  cltaatfiad  raporta 
b*  unelaaaiflad  Each  paragraph  of  th*  abatract  ahall  and  with 
an  Indication  of  tha  military  aacurity  claaalfication  of  ih*  In- 
fonaallen  In  tho  paragraph  riproaanltd  aa  'rsi  flj.  rc;  ai  fUj 

Thar*  I*  no  llmllallor,  on  ihi  lanath  of  tha  abatract.  How- 
avar,  th*  auggaetad  length  la  from  1)5  to  22)  wordi 

14  KEY  WORDI:  Kay  word*  ar*  laehnleilly  meaningful  tarn* 
or  abort  phrooto  that  chiraclarla*  a  report  and  may  b*  uaad  a* 
Indao  antrtaa  for  cataloging  tha  raport.  Eay  word*  mutt  be 
aalactad  to  that  no  aacurity  ciaialfleatlon  la  raqulrod.  Idanll- 
flat*,  auch  aa  equipment  modal  daalghatlon,  trad*  name,  military 
prajact  coda  nama,  geographic  location,  may  b*  uaad  aa  bay 
word*  but  will  b*  followed  by  an  indication  of  laehnleal  eon- 
toai.  Ih*  aatignmani  of  linki,  rule*,  and  waighla  la  optional. 


JJENTUL 


Sweurlty  Clbiglflcatlon 


